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ABS'KACT 

Due  to  difficulties  encountered  in  the  production  of  calcium  metal 
in  adequate  quantity  and  of  adequate  purity  at  low  cost,  it  became 
desirable  to  replace  calcium  by  a  cheaper  metal  in  the  production  of 
\tt“anium«  Because  of  the  heats  of  fonratiqri  of  its  compounds,  its  rela¬ 
tive  stability  in  air,  and%its  cheapness  in  high  purities,  magnesium  was 
was  the  bast  suited  metal  for  the  purpose o  Since'  the  heat  of  i^actiwi 
of  the  rsductioi  of  UF^  by  Mg  was  not  sufficiait  to  melt  the  products, 
it  n&B  necessary  to  add  heat  to  the  systeiUo  This  was  done  in  experi¬ 
mental  studies  both  by  preheating  the  reactants  before  reaction  was 
initiated  and  by  tiie  use  of  a  simultaneous  auxiliary  reaction  producing 
more  heat  than  the  primary  reaction.  For  the  latter  purpose  the  reduc¬ 
tions  of  KCaO-,  and  of  other  salts  by  Mg  were  suitable  reactiwis. 

The  use  of  “boosters"  or  auxiliary  oxidants  involved  extra  work  and 
materials,  thus  increasing  costs  and  offering  additional  opportunity 
for  contamination,  hence  the  preheating  of  the  reactants  was  adopted 
for  large  scale  production. 

The  reactants  were  mixed  in  a  mechanical  raixei’,  placed  in  steel 
reactors  or  "bombs"  lined  with  higl>”calciura  or  fusai  dolomitic  lime  and 
preheated  in  a  gas— heated  fumace  at  1150  to  1250  f  for  about  50  minutes, 
until  reaction  occurred.  The  products,  U  and  MgF^,  sjere  fi;tsed  by  the 
ccHnbined  heat  of  reaction  and  the  heat  added  by  tne  iurnaca  and  col¬ 
lected  as  liquids  in  the  bottom  of  the  reactor.  There  they  were  sepa¬ 
rated  by  gravity  into  a  pool  of  metal  covered  by  a  pool  of  slag.  The 
metal  solidified  into  a  cylindrical  ingot. 

Bie  purity  and  particle  size  of  the  UF,  had  much  to  as  with  the 
yield  and  condition  of  the  metal.  Over  three  per  cent  of  or 
caused  an  appreciable  decrease  of  yield  with  'V  or  8^  causing  a  large 
decrease.  Ihe  salt  gave  best  results  when  ^ound  to  100  to  325  mesh, 
with  not  ever  60SS  of  -325  mesh. 

Of  various  types  of  ma^esium  tested  for  their  productivity  in 
the  process,  that  produced  by  the  Hew  Shgland  Lime  Co.i  Canaan,  Conn., 
by  the  ferrosilicon  process  gave  most  consistent  results.  It. was  ivund 
that  the  size  distribution  of  between  10  .to  40, mesh  had  no  great 
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effect  on  the  yield  of  uranium^  but  no*  significant  quantity  of  4l0  or 
-40  material  could  be  tolerated.  "The  excess  of  Hg  used  over  theoretical 
was  7^  in  «ie  6”  bonb:  * 

l&ich  difficulty  was  experienced  in  securing  properly  burned  lime 
for  use  in  forming  the  refractory  lining  of  the  reactor  or  borrb.  High® 
C£-lciu2!i  lina  secured  from  the  Ste.  Genevieve  Lime  Co.,  St.  Louis,  Mo., 
was  of  adequate  purity  and  was  usually  well-burned,  but  even  if  properly 
burned,  the  lime  had  too  great  a  tendency  to  pick  up  moisture  from  the 
air.  After  an  extensive  investigation  of  various  refractory  substances, 
electrically  fused  dolomitic  lime  was  finally  adopted  as  the  lining 
iriatsrial. 

A  preheat  of  50  to  60  minutes  at  furnace  temperatures  varying  from 
1100  to  1250^F  was  found  suitable  for  the  6  inch  bomb  charge,  varying 
vdth  raw  materials  and  liner  used.  With  average  products,  a  50  minute 
prel’ieat  at  1200^'  gave  optiimiin  rersults.  Ttie  large  scale  production  of 
thousands  of  tons  of  metal  of  consistently  hi^  purity  was  achieved. 

The  metal  averaged  99.^  in  uranium  content. 


TOE  HIQDUCTION  OF  URAMIW  BY  THE 
REDUCTI<a  (F  UF^  BY  Bg 

Due  to  the  urgent  demand  for  at  least  limited  amounts  of  uranium  at 

the  beginning  of  the  project,  the  productic»i  of  metal  by  the  reduction  • 

of  y?,  by  calcium  was  developed  and  put  into  operation  before  other 
4  (1) 

procedures  were  fblly  investigated.'  *  Reduction  of  the  oxides  with 
cazbon  and  with  liistals  had  been  investigated  with  no  satisfactory  results 
before  the  reduction  of  the  fluoride  was  first  attempted.  A1  gave  par¬ 
tial,  reduction  but  ^^2^3  9^**^  separated  from  the  product.  Ca 

produced  only  pwdered  metal.  Nor  did  the  first  attempts  at  the  reduc- 
ti<»i  of  the  fluoride  by  Otter  metals  such  as  Mg.  or  Na  appear  promising. 

Mg  failed  to  produce  enou^  heat  to  fuse  the  products  and  only  powdered 
pyrop^ioric  metal  was  obtained .  Na  gave  only  partial  reduction  and 
produced  low  yields  in  small  pellets* 

Based  Report^  So.  CC^38,  CC-258,  CC-298,  CB-345,  CT-422, 

CT-604,  GT-609,  CT-6S6,  CT-751,  CT-8i6,  01-891,  CT-1180,  A^1024,  A-1Q36, 
A-i03S  and  A-1039. 
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lo  Kxperiigental  Reduction  of  UF^  by 

Alter  sufficient  raetal  had  been  produced^^^  by  the  use  of  Ca  to 
the  most  prss.sing  needs  for  the  study  of  its  properties  and  fabri¬ 
cation  and  for  use  in  experiment 6il  piles ^  the  problem  of  cost  in  the 
over- all  picture  became  more  important  and  the  replacement  of  Ca  by  a 
cheap  fl^tal  received  consideration ^ 

1^1  Disadvantages  of  Ca»  In  addition  to  high  cost,  the  purity  of 
the  calcium  "was  not  as  high  as  was  desirable »  It  appeared  that  a  mc^re 
volatile  element  might  be  more  completely  purified  by  distillation o 
Both  Mg  and  Ka  met  these  objections  to  Gao  The  e>itreme  difficulty  of 
handling  Na  in  quantity  in  disintegrated  state  in  air  made  it  very 
undesirable-  however,  regardless  of  any  advantages  in  cost  or  purity  and 
no  I'urther  consideration  v/as  given  to  its  ^  available  in  great 

abundance,  its  coinmlnution  to  the  desired  s5.ae  could  be  handled  like  that 
of  Ga,  it  was  much  more  stable  in  air,  its  production  by  the  ferrosilicon 
or  the  carbothermic  processes  yielded  a  very  pure  distilled  product  and 
its  price  had  been  pegged  at  20^  cts/lb  by  WoPoBo  Its  only  disadvantage 
was  the  lower  energy  of  foimiation  of  its  coapoxmds  as  compared  with  those 
of  Cao  Thus,  if  UF^  were  reduced,  the  heats  of  formation  at  29^^  of  the 
fluorides  produced  per  usole  of  UF^  reducing  with  Ca,  Na,  Mg  and  A1  are  as 
follows : 


2  CaF2 
4  Ka? 
2MgF2 


AH  -  2  x-286.26  =:  -572.52  Real 
AH  =  4  x-136.31)  =  -545-20 
AH  =  2  x-263o80  =  -527-60 
AH  =  1  1/3  x-329.03=  -438-71 


1,33  Ai?3 

1156  heat  of  formation  of  UF^  is  reported  as  -446  Xcal/mole  at  29S°iv, 
hence  on  the  basis  of  these  data  it  appears  probable  that  the  above  aetal 
except  perhaps  A1  should  be  able  to  reduce  UF^  laider  actual  operating 
conditions- 


h 


1»2  Bedactdon  of  UFjp^  by  Mg  Without  Addition  of  Heat>  The  reduction 
of  by  ms  first  attempted by  mixing  it  with  Ca  in  an  effort  to 
lower  Uie  melting  point  of  the  slag  and  to  substitute  at  least  part  of 
the  Ca  by  ilg  to  reduce  costso  A  mixture  of  a  57o5  fflol  per  cent  Mg  and 
42o5  ntoi  per  cent  Ga  was  used  producing  a  slag  having  the  composition  of 
the  eutectic  mixture  of  CaF2-*^F2o  The  mixture  was  used  in  50  per  cent 
excess  over  the  theoretical  weight  required  to  reduce  the  charge  of  942  g 
of  UF^<r  The  charge  was  ignited  by  electrically  heated  fuse  wiroo  A  com-* 
pact  button  of  metal  was  obtained  representing  a  yield  of  only  30  per  cent, 
far  less  than  the  Ca  alone  should  have  produced o  An  attempted  reduction 
by  Mg  alone  resulted  in  only  partial  reduction  to  powdered  pyrophoric 
inetaio  No  pellets  were  obtained o  An  alloy  containing  78  per  cent  Ca  and 
22  per  cent  Mg,  crushed  to  about  10  mesh  particlssji  produced  a  yield  of 
U  of  62  per  cento 

In  November,  1942,  therefore,  further  experiments  were  undertaken 
in  the  use  of  magnesium  as  the  reductanto^*^'  A  repeated  attempt  at 
3?eduction  on  the  4”  bomb  scale  under  optiisuia  conditions  ignited  locally 
by  electrically  heated  fuse  wire  again  yielded  only  pyrophoric  powdered 
metal 0  It  was  obvious  that  even  on  a  considerable  scale  xnoi*e  heat  would 
have  to  be  supplied  to  fuss  the  products  of  the  reaction  o 

1,3  Addition  of  Heat  to  Systemp  The  simplest  way  to  add  heat  to  the 
system  is  to  preheat  the  reactants  before  reaction  begins a  Ihis  procedure 
is  used  in  preheating  gases  in  many  processes  as  in  the  blast  furnace  and 
was  used  in  the  earliest  experiments  at  Iowa  State  College  with  oxides  and 
with  The  final  heat  available  in  the  system  is  then  the  sm  of 

the  heat  added  in  preheating  plus  the  heat  of  reaction  minus  the  radiation 
heat  losseso  It  might  therefore  be  possible  to  produce  massive  uranium 
by  the  use  of  magnesium  as  reductant  by  heating  the  entire  charge  in  the 
bom  in  a  furnace  or  soaking  pit  until  reaction  occurred  instead  of 
igniting  locally  by  a  fuse,  provided  reaction  was  not  initiated  before 
enough  had  been  added  in  this  fashioru  In  case  too  much  heat  were  added 
bafore  ignition  occurred,  sufficient  heat  could  be  added  by  preheating 
004”  bo  a  given  tea^rature,  then  initiating  the  reaction  locally  by  a 
fuse  as  tefore# 


1.4  Addition  of  Heat  by  Preheating.  For  this  purpose  a  charge  of 
2016  g  of  UP;  was  fflixed  with  400  g  of  lig,  representing  an  excess  of 

30  per  cent,  the  charge  placed  in  a  steel  bomb'-’''  with  high'-oalciuE  lime 
liner  and  heated  in  a  chromel-wound  resistance  furnace  at  about  650®C<. 
Reaction  occurred  at  640Pc  (outside  boaib  tei!^rati>re)  and  a  yield  of 
80o5  per  cent  of  clean,  compact  massive  metal  was  obtained.  In  sindlar 
successive  ejq^riments  yields  of  80  to  95  per  cent  were  obtained.  This 
procedure  was  ej^anded  at  Iowa  State  College  and  adopted  at  other  plants 
as  the  process  by  which  most  of  the  metal  used  on  the  project  'vvas 
produced. 

1.5  Addition  of  Heat  by  Booster.  Another  procedure  by  which  heat 
right  be  added  to  a  system  is  by  conducting  simultaneously  an  auxiliary 
reaction.  Bras  in  the  thermite  process  auxiliary  combustions  are  used  to 
bring  reactants  up-  to  necessary  temperatures.  The  final  heat  available 

to  the  system,  which  is  equal  to  the  sum  of  the  heats  of  the  two  reactions, 
may  be  sufficient  to  bring  the  products  into  the  desired  state  such  as  the 
oolt«i  stats  of  a»tal  and  slag.  Ibe  use  of  such  a  process  requires  that 
the  products  of  the  auxiliary  reaction  will  be  separable  or  removable 
from  the  main  product  or  will  be  in  no  way  deleterious. 

The  arirtit.inn  of  an  oxidant  which  can  be  reduced  by  reductant  already 
in  use  is  desirable.  Decon^sable  salts  which  supply  oxygen,  such  as 
dilorates  or  sulfates,  peroxides  such  as  lead  dioxide  or  barium  dioxide, 
binary  salts  supplying  considerable  heat  on  reduction  such  as  halides  of 
223st  metals,  or  (Hcidizing  elements  themselves  such  as  iodine,  bromine  or 
silfur  could  readily  be  used  as  auxiliary  oxidants  or  "boosters",  as  they 
were  designated  on  the  project. 

of  Uie  additional  problems  created  by  the  addition  of  other 
substances  to  the  system  in  the  use  of  "boosters"  in  the  bomb  process 
were! 

(a)  Purity.  Ho  substance  could  be  used  containing  an  element  whose 
presence  coiild  not  be  tolearaited  in  the  final  product  unless  that  element 
could  be  coaqiLetely  removed  during  processing. 

(b)  Pressure.  No  "booster"  could  be  used  which  produced  gaseous 
or  volatile  final  products  which  with  the  sudden  increase  of  temperature 
cr.  reaction  would  produce  pressures  beyond  the  limits  of  the  heated  bomb. 
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(c)  Handling.  Gaseous  boosters  such  as  chlorine,  which  offered 
difficulty  in  introduction  into  the  boiib,  i«ere  undesirable  although 
usable.  Hygroscopic  aaterials  requiring  special  handling  as  in  dry 
rocsis,  etc 4,  were  undesirable  but  usable,, 

1.5-1  KC3.G„  as  Booster.  From  the  point  of  view  of  ccsivenience  of 
handling,  psi^sissibility  of  end-products  and  heat  prcductlcui  potassium 
chlorate  looked  very  favorable  as  a  bolster  in  the  reducti<m  with  iiag- 
neaiuE.  All  by-products,  KCl  and  CaO  Would  be  removed  in  the  slag. 

Any  potassium  reduced  to  metal  could  b&  distilled  out  by  remelting  in 
vacuo . 

As  an  estimate  of  the  quantity  of  KClO,^  reqi’ired  for  an  esperissntal 
rsaoticn,  it  «as  assumed  that  the  heat  produced  by  the  reduction  of  UF^ 
by  Ca  was  the  quantity  needed  for  the  fusion  of  the  products  to  periidt 
their  separation.  In  the  reduction  of  UF^  by  Mg  the  heat  of  fusion  of  the 
U  remains  the  same,  the  heat  of  fusion  of  MgF^  is  very  nearly  that  of 
GaF.,  and  ths  only  difference  ivotild  be  the  haat  needed  to  volatilize  the 
e:r,C33s  15g,  since  the  Ca  essess  was  not  volatilized  to  an  equal  ejcbent  at 
the  temperature  reached.  Tne  heats  of  reaction  of  the  two  reductions 
are  as  follows: 


UF,  +  2  Ca 
4 

-446 

UF^  +  2m 
-446 


2  CaF, 
-560 

U  -f  2 


^  -  -134  Kcal 


^3-82  Kcal 


-528 


Thus  it  appears  that  52  Kcal  additional  heat  is  nosded  for  compen- 
aating  for  deficiency  of  heat  in  the  1%  reaction  as  con^iared  with  ths  Ca 
reaction  plus  19  Kcal  for  vaporizing  0o4  mole  (305S  excess).  Additional 
heat  will  b©  needed  for  the  fusion  and  heating  of  products  of  the  booster 
reaction,  biit  these  will  be  relatively  small  and  may  be  ignored  in  ths 
fi'jTst  approxLmtion, 

The  heat  of  reaction  of  the  reduction  of  KdO^  by  1%  based  on  heats 
of  formation  at  298°K  is  -452  Kcal/moie  KClO^o 


KdO^  +  3  Mg 


KCl  +  3  MgO 
■104  -438 


AH  =  -452 


Tb  add  sufficient  h^sat  to  make  the  total  heat  production  of  the  hg 
reaction  equal  that  of  the  Ca  reaction  and  hence  reach  the  sai&e  final 
teonperatux^  tluis  requires  71  Kcal/452  Kcal  per  mol  KCIO^*  0ol!>7  nio-i.3s 
KClOj  per  mole  of  UP^  used^  or  about  1  mole  KCIO^  per  6o5  moles  UP.  • 

*Ihe  heat  requiired  for  fusing  KGlO^t  raising  its  tengjerature  tc  600'^C  and 
heating  the  KCL  from  6(X)®C  to  1500®C  (approximate  final  temperature)  is 
about  5  J^cal-  Then  76  Kcal/452  Kcal/mole  KdO^  •  0ol68  moles  KCIO^  or 
1  laole  KdO^  per  6  moles  of  UF^o  Since  the  behavior  of  the  chlorate 
under  the  boo^  conditions  was  not  too  predictable^  one  mole  of  KCIO^  per 
7  iooles  of  DP^^  was  first  tried* 

In  first  experiiDent  440  g  of  UF^,  24o5  g  of  KCIO3  representing 
1/7  «ol«  per  mole  UF^  and  109  g  ^  representing  33  per  cent  excess 

over  that  required  for  reduction  of  the  UFj^^  and  the  KCIO3  were  mixed  and 
charged  into  a  lime— lined  steel  bomb  equipped  with  electrically  heated 
fuse  as  was  used  in  the  calcium  process*  The  reaction  was  initiated  by 

(3) 

the  fuse  and  proceeded  nonaallyo  A  yield  of  80o4  wsts  obtained* 

The  ratio  of  KCIO3  to  UF^^  was  examined  from  0*1  to  0*25  moles 
KCIO3  originally  calculated  0*14  moles  KCIO3  per 

UF^  or  1  mole  of  KCIO3  per  7  moles  UF^  was  found  to  be  optimum  for  the 
scale  used*  This  told  exactly  the  additional  heat  needed  in  the  Mg 
reductlcui  over  the  Ca  reduction  under  the  operating  conditions*  It  must 
be  bourne  in  mind  that  the  efficiency  of  heat  utilization  is  a  function 
of  scale  of  operati<m  as  well  as  of  shape  of  equipment,  hence  this  figure 
does  not  s^ply  to  greatly  different  charges  or  differently  shaped  vessels* 

1^5o2  Other  Boosters*  Magnesium  persulfate  was  also  used  with 
success  as  a  booster  with  magnesiumo^^^  On  the  basis  of  comparison  with 
the  KCLO3  requireisents,  it  was  calculated  that  1  mole  K2S2O3  per 
14  moles  of  UFj^  should  supply  the  required  auoount  of  additional  heat* 

A  reduction  on  this  basis  with  20  per  cent  excess  Mg  produced  a  yield  of 
96  per  cento  The  odor  of ‘H2S  from  the  ingot  was  very  pronounced,  but  no 
odor  of  SOo  was  obeervcOjle  from  the  bomb  immediately  after  reactiono 

Later  iodine  was  used  with  calciimi  on  small  scale  reductions'^'  and 
a  nuadber  of  different  auxiliary  reactions  have  been  used  in  the  prepara¬ 
tion  of  different  metals* 
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Pi  the  teo  procedures  successful  in  producing  massive  metal  nith 
ma^esium  the  preheat  had  several  advantages  over  the  use  of  "boosters". 
The  feesr  substances  used  in  a  reduction  Uie  less  is  the  chance  of 
contamination,  the  less  handling,  storage  and  preparation  of  materials 
are  required,  the  less  labor  is  involved  in  preparing  and  loading  the 
charge  and  the  greater  is  the  production  per  unit  operation.  The  use  of 
certain  boosters  Bdds  soine  danger  bgr  an  instant^eous  Increase  in  pres- 
sure  if  a  gaseous  intermediate  is  produced  before  the  reaction  is  com¬ 
pleted  even  though  there  be  no  gaseous  product  in  the  end®  For  these 
reasons  production  by  the  magnesium  process  was  begun  by  the  preheating 
fsethod  and  has  continued  so  to  the  present  time^ 

2q  Final  Production  Line  Procedure  in  Reduction 
Stage  at  Iowa  State  Collei^ 

Following  the  successful  reduction  of  UF^  by  Mg  the  adoption  of  ths 
process  in  production  was  immediately  planned  o  Large  scale  experimen¬ 
tation  was  begun  for  determining  the  specifications  of  satisfactoi^y  mate¬ 
rials  and  for  establishing  optiimim  operating  conditions  for  ttie  process® 

In  order  that  the  reader  may  better  understand  the  experimental  procedures 
employed  for  these  purposes  and  the  results  obtained^  the  method  of  per¬ 
forming  the  reduction  will  first  be  described.  Rie  reactants  were  mixed 
in  proper  proportion  and  caused  to  react  in  a  steel  reaction  chaniber  or 
^bomb**  (Fig.  1)  lined  with  a  refractory  oxide.  Reaction  was  initiated  by 
heating  the  closed  bomb  in  a  gas-heated  Axmace  or  soaking  pit  maintained 
at  1050  to  i300®F  varying  with  condition  to  be  discussed  below®  The 
production  line  procedure  in  use  at  Iowa  State  College  at  the  time  of  the 

(.7) 

peak  of  production  was  as  follows:'^' 

2®1  Construction  of  Bomb.  The  bomb  was  constructed  of  standard 
6^^  pipe  with  a  welded  bottom  of  3/8”  steel  plate  and  fitted  with  a  stand¬ 
ard  companion  flange  at  the  upper  end,  which  was  threaded®  It  was  covered 
by  a  second  companion  flange  closed  with  a  standard  pipe  |duge  The 
refractory  lining  consisted  of  a  layer  of  ground,  electrically  fused 
dolomitlc  liro  applied  by  jolting  into  the  annular  space  between  a  steel 
mandrel  placed  concentrically  within  the  bomb  and  the  bomb  wallo 
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2q2  Installation  of  Refractory  Linero  The  procedure  for  applying 
the  liner  ?i;as  as  follows;  Sufficient  refractory  (2«2g  lbs)  yas  poured 
into  the  bottom  of  the  bomb  and  jolted  by  hand  into  position  to  form  the 
bottom  layer  of  the  liner©  “Ihe  mandrel  w’o.s  made  of  seamless  steel  tubing 
^ith  a  Yielded  plug  in  the  bottom  niachined  to  shape  and  chromium  plated « 

For  the  6*'  boisb  the  mandrel  was  AO’’  lo^^  5  i/S”  diameter  at  the  top 
ta<)ering  to  5”  diameter  at  the  bottom©  The  annulai’  space  bateean  mandrel 
a:id  bomb  r^jas  then  filled  with  E©?©Dc  (electrically  fused  dolomite)  by 
pouring  into  a  funnel  which  fitted  around  the  mandrel  and  just  inside  the 
bomb©  The  mandrel  was  kept  centered  during  this  period  by  observation. 

The  bomb  v^as  then  jolted  on  an  ** Arcade”  jolting  table  with  4”  piston©  As 
soon  as  this  portion  of  the  wall  was  someiijhat  compacted  more  lime  ;vas 
added  and  jolting  continued.  This  process  was  continued  until  the  liner 
had  been  completed  to  the  top  of  the  bojab©  A  ateel  ring  3/^”  thick  which 
fitted  exactly  between  the  mandrel  and  bomb  v:as  placed  on  top  of  the  upper 
surface  of  the  liner  to  supply  pressure  during  the  final  jolting.  The 
foradng  of  a  6”  bomb  liner  required  about  15  minutes  of  jolting  at  the 
approxinsate  rate  of  3  blows  per  second  at  an  air  pressure  75  to  90  psi  on 
the  pisten© 

Before  removal  of  the  mandrel  the  stopper  was  removed  from  an  air 
hole  or  vent  which  extended  through  the  mandrel  from  top  to  bottom.  With-- 
out  such  a  vent  the  suction  created  by  the  loosening  and  remo\''al  of  the 
inandrel  always  caused  the  liner  to  break  and  cave  in©  The  hole  was  closed 
during  jolting  by  a  steel  rod  which  passed  through  the  mandrel  and  fitted 
ti^tly  at  the  bottom  aiKl  confoi’nssd  to  the  surface  of  the  mandrel© 

The  mandrel  was  removed  by  fixing  the  boasb  rigidly  in  position  and 
withdrawing  the  mandrel  with  veiy  even  pressure  by  a  chain  hoist  on  the 
ffioncrail  above  the  loading  line©  It  was  essential  that  the  mandrel  not 
be  permitted  to  swing  and  strike  the  liner  during  removal. 

2© 3  Weighing  and  Mixing  of  Charge.  The  reaction  mixture  or  charge 
consisted  of  56  lbs.  of  — ICX)  mesh  and  9  lbso>  4  oz©  of  -10  mesh  magne¬ 

sium  representing  an  excess  of  7k  P®^  cent  above  the  stoichiometric 
weight©  Tnese  reactants  properly  prepared  as  described  in  the  following 
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ssctiorxs  ;ver3  cijcsd  in  a  motor-driven  I^acLellan  batch  mixer  of  one  cubic 
foot  capacity o  The  mixer  was  operated  at  about  six  revolutions  per  iip.nuce 
for  4  to  5  minutes* 

2«4  Introduction  of  Charge  into  Bomb*  The  nixed  charge  was  poured 
into  the  bomb  by  ioispering  the  latter  into  a  pit  on  the  floor,  rolll-ng  the 
mixer  directly  over  the  bojTib  and  pouring  the  charge  into  the  bomb  through 
a  telescopic  funnel  so  constructed  as  to  prevent  danaging  the  liner  either 
by  the  introduction  of  the  funnel  or  by  the  falling  charge.  This  device 
consisted  of  two  cylinders outer  being  4”  Oodo,  led®,  W*  longj 
rigidly  supported  by  arms  fitting  into  the  bolt  holes  of  th^  flange  and 
extending  8 above  the  top  of  the  bomb.  This  cylinder  acted  as  a  support 
and  guide  for  the  inner  cylinder  which  was  3  3/8”  Ood.,  3”  iod,,  32”  long 
with  a  sheet  steel  funnel  about  12”  wide  on  top*  This  tube  fittecS  exactly 
into  l/l6”  guides  on  the  inside  of  the  outer  cylinder  thereby  being 
prevented  from  striking  the  liner  on  the  introduction  of  the  funnel  into 
the  bomb. 

2.5  Topping  of  Charge  and  Closing  of  Bomb.  The  filled  bomb  was 
lifted  from  the  charging  pit  by  the  monorail  hoist o  A  covering  of  lime 
was  placed  above  the  charge  tc  cofiiplete  the  inert  liner  which  prevented 
the  reaction  of  the  charge  with  the  bomb.  This  covering  Y*’as  very  neces¬ 
sary  as  attack  of  the  bomb  or  flange  at  the  top  due  to  defective  liner 
resulted  either  in  contamination  of  the  product  v.dth  iron  or  even  in  a 
”b'drn--out”  through  tJie  bomb  or  flange  which  destroyed  the  bomb  and  perriiit- 
ttd  all  or  mch  of  the  charge  to  be  blown  out  of  the  bomb  and  thus  i^’astedc. 
The  ” topping”  was  performed  as  follows:  The  charge  was  smoothed  and 
con^^acted  by  pressing  '^Ith  a  cylindrical  wooden  paddle  or  mold  of  diameter 
equal  to  inside  diameter  of  liner*  Lim©  was  then  poured  on  top  of  the 
smooth  surface  of  the  charge  and  compacted  wiUi  a  form  similar  to  the 
abeve  but  of  6”  diameter  until  level  with  the  top  of  the  flange*  The 
cavity  in  the  plug  of  the  top  flange  was  filled  wdth  lime  by  joltings  The 
top  flange  was  then  bolted  in  position* 
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A  triangular  handle  or  bail  for  lifting  the  boi*  «as  inserted  through 
two  opposite  bolt  holes  of  the  flange  and  secured  by  nots.  The  boni>  eas 
then  placed  in  the  furnace  means  of  a  chain  hoist  idiich  isas  supported 
on  a  monorail  running  above  the  loading  line^  over  the  furnace  and  cooling 
spray  and  into  the  opening  room. 

2.6  Preheating  and  lfiniti<Mtt  of  Qiarge.  The  preheating  furnace  was 
a  gas-heated  soaking  pit  approximately  3*  wide  by  3k*  <i®®P  12'  long. 

The  pit  was  lined  with  ordinary  commercial  fire  brick  and  covered  with 
six  removable  covers  built  of  magnesia  brick  held  between  1/4*  sheet  steel 
plates  bound  around  the  edges  by  welded  sheet  and  supported  a  frame 
work  of  angle  iron.  A  hole  through  the  center  of  each  cover  permitted 
the  introduction  and  removal  of  bombs. 

The  soaldng  pit  was  heated  by  a  low-pressure  natural  gas-air  mixttare 
burned  in  Burdett  Radiant  Heat  Gas  Burners  produced  1:^  the  Burdett  Manu¬ 
facturing  Company,  Chicago,  Illinois.  The  mixing  and  proportioning  equip¬ 
ment  -was  designed  and  supplied  by  the  Burdett  Company.  Twenty-four  #25 
Type  A  Burdett  Burners  wito  a  rated  capacity  of  10,000  BTD  per  hour  each 
viors  arranged  evenly  at  the  bottom  of  tJie  pit  along  the  two  sidssa 
Tsuipercitures  were  measured  by  meta].'ehieldeG  chromsl-alumel  thernccoupies 
arranged  along  the  sides  and  in  the  top  and  bottom  of  the  fUmace,  iSheti 
the  furnace  was  at  equilibrium,  the  temperature  threughout  the  central 
portions  where  the  bombs  v;ere  placed  was  very  even,  being  40-50°  hotter 
near  the  top  of  the  furhace. 

Six  6”  bombs  could  be  placed  in  the  furnace  at  a  time  during  normal 
eperatioHo  Tiiey  were  lined  up  in  the  center  lengthwise  of  the  furnace 
betwosn  two  rows  of  burners.  The  timing  of  the  introduction  and  removal 
cf  the  bombs  v.’as  fairly  important  in  that  introducing  too  many  or  remo’/ang 
too  many  at  a  time  disturbed  the  furnace  tenfierature  sufficiently  that  it 
v.as  f C5und  best  to  stagger  the  introduction  of  the  boabs  at  proper  inter¬ 
vals  (every  5  minutes  or  more)  to  maintain  sufficiently  even  heating. 

The  proper  length  of  preheat  (called  "firing  time"  below)  and  the 
temperature  of  the  preheating  furnace  varied  with  such  a  nuc4>er  of  factors 
that  the  specification  of  temperature  and  firing  time  for  general  oper¬ 
ation  is  not  advisable.  However,  for  most  of  the  products  used  during 
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tha  major  part  of  ttie  operation  a  temperatiire  of  650^0  (1200  F)  was  used 
giving  a  firing  time  of  47  to  55  ®inutes«  The  relation  of  firing  time, 
furnace  temperature  and  reactants  will  be  discussed  below* 

After  the  reaction  had  occurred;  45  to  60  minutes  after  placing  the 
hog*  in  the  furnace,  it  was  removed  by  the  chain  hoist  to  a  cooling  spray 
of  water  arranged  in  line  with  the  furnace*  After  several  hours  the  bomb 
arui  its  contents  wore  sufficiently  cool  to  handle  and  to  expose  to  th® 
air. 

2.7  Hanrii-inc  of  Slag*  The  bomb  was  removed  from  the  cooling  spray 
to  a  roaa  equipped  with  a  pit  in  the  floor  covered  with  grating  made  of 
1/4**  steel  bars  separated  by  l/4"  spaces*  The  pit  was  vented  from  tne 
bottom  by  ducts  leading  to  the  main  exhaust  fan  of  the  building*  In 
ompt.y ^  ng  the  bofflb  the  cover  was  removed  from  the  bomb,  the  side  wall  chip¬ 
ped  down  by  a  pneumatic  chisel  similar  to  a  concrete  chipper,  the  loose 
■»qTi  material  dueled  on  the  grating*  The  bomb  was  placed  mouth  downward 
etffi  a  jweuoatie  Jolter  and  jolted  until  the  ingot  of  metal  was  loosened 
and  fell  to  the  floor*  Bemaining  wall  or  liner  material  was  chiseled 
loose  all  liner  material  and  slag  were  swept  onto  the  grating  which 
act^  as  a  sieve  pennitting  the  I/4"  and  finer  mateiaal  to  pass  into  the 
barrel  or  drum  below  the  screen.  This  product  consisted  chiefly  of  liner 
material,  CaO  or  MgO,  poor  in  both  fluorine  and  uranium*  Larger  pieces, 
incliSiing  moat  of  the  slag  or  UgF2,  were  removed  to  a  chute  in  the  cover 
of  an  adjacent  pit  and  dropped  into  a  second  container.  This  product 

most  of  the  unrecovered  uranium*  These  two  classes  of  residue 
were  reserved  for  recoveiy  of  uranium  values  and  of  fluorine  as  HF  else¬ 
where, 

2.8  Treatment  of  Ingot  or  Biscuit  Itetal.  The  ingot  of  metal  or 

“biscuit"  was  diipped  clean  of  adhering  slag  and  oxide  and  was  now  ready 
for  remelting  and  casting*  Bie  “biscuits"  from  the  6"  bomb  were  4  7/8" 
to  5  1/8“  in  diameter  and  3  1/4"  to  3  l/2"  high,  weighing  40  to  42  pounds* 
Bty*"  separated  fras  slag  ttiey  were  cylindrical  with  sniooth  sides 

and  flat,  sli^tly  wavy  top  surfaces.  Ibider  favorable  conditions 
described  in  succeeding  sections  of  this  report  slag  covered  tops  and 
rough  sides  wito  protruding  fins  were  sometimes  obtained. 


14 

While  the  niajor  portion  of  the  isstal  produced  at  loma  State  College 
reduced  in  6'^  bonibs  36*’  IcHig,  considerable  metal  was  also  produced 
torrard  the  close  of  the  production  period  in  10”  bordbs  40”  long*  Some 
e:  .-riinental  vfork  was  done  in  Ixxxts  up  to  14”  in  diameter* 

The  ccnstructicxi  of  the  bomb  and  the  lining,  as  well  as  the  loading 
BrA  firing  processes  the  same  for  the  10”  bomb  as  for  the  6”  except 
for  wall  thickness*  The  10”  bomb  was  niade  of  st^dard  10”  pipe, 

10*125”  iodo,  40”  long.  The  mandrel  used  with  this  bonh  had  a  diameter 
at  top  of  9”  tapered  to  8  3/4”  at  bottom*  Thus  the  refractory  liner  wall 
was  9A6”  thick  at  the  top  tapering  to  ll/l6”  thick  near  the  bottom*  The 
standard  charge  of  UF^  at  Iowa  State  College  in  the  10”  bomb  was  168  lbs* 
which  produced  a  theoretical  yield  of  127. 5  lbs*  During  the  period  from 
Sept*  IS,  1944  to  Nov.  9,  1944>  nuiSK3rous  reductions  were  made  in  10”  bombs 
with  usual  yields  of  122  to  126  lbs.  or  yields  of  95  to  99  per  cent  with 
an  average  yield  of  97*6  per  cent  over  a  series  of  162  consecutive  reduc¬ 
tions . 


3«  Production.  Processing  and  Specifications 

2OE4 

The  properties  of  the  UF*  used  in  the  reduction  process  had  much  to 
do  with  the  econongr  of  operation  particularly  with  the  yield  obtained  in 
the  reducticxi  to  metal.  Particle  size,  density  and  the  presence  of  oxygen 
cosQDounds  had  a  great  influence  on  the  reactivity  of  the  salt  and  on  the 
yield  of  metal  obtained*  The  purity  of  the  metal  was,  of  course,  lindted 
approximately  to  the  purity  of  the  salt*  Therefore,  its  correct  manu¬ 
facture  from  raw  material  was  very  iii?>ortant  in  the  production  of  metal* 

3*1  Manufacture*  Bie  UF^  was  manufactured  by  the  hydrofluorination 
of  UOg  by  dry  HP  at  550^0  at  atmospheric  pressure*  Ttie  dioxide  was 
v^btainsd  by  the  reducti<xi  with  of  U^Og  from  the  thermal  deconposition 
of  uranyi  nitrate*  The  nitrate  had  been  purified  of  rare  earths  and  other 
foi’bidden  contaminating  eleiaents.  by  an  ether  extraction* 

Practice  differed  somewhat  at  various  plants  but  in  general  the 
procedure  involved  the  foHov/ing  essential  steps  and  conditions:  The  UO^ 
fro5ii  the  reduction  of  Packed  in  graphite  trays  stacked  in 

series*  One  plant  used  magnesium  trays  heated  in  cylindrical  furnaces 
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arrant  in  tandem.  The  graphite  trays  were  introduced  into  gas-heated 
furnaces  and  maintained  at  550^C  for  about  8  hourso.  The  HF  gas  at  atraos- 
piisric  pressure  was  passed  over  the  surface  of  the  oxide  layer  in  succes¬ 
sive  trays  in  the  stack,  the  excess  cariying  with  it  as  it  passed  the 
trays  the  water  formed  in  the  reaction.  In  earlier  production  the  trays 
wore  cooled  under  streams  of  N2  or  CX)2  to  remove  excess  HF  although  later 
they  were  permitted  to  cool  in  air  without  apparent  ill  effect.  After 
cooling  "th©  salt  was  ground  to  speciricationso 

3.2  Processing  at  Plant,  The  UF^  was  removed  from  the  hydrofluo- 
rination  trays  in  lumps  which  were  sometimes  quite  hard.  Since  it  was 
found  that  not  more  than  10  par  cent  of  the  salt  should  be '^100  mesh,  it 
was  necessary  to  grind  it  before  use.  The  tetrafluoride  was  ground  in  a 
Model  LG-2  Williams  Mill  of  the  swing  hammer  type  built  by  the  Williams 
Patent-Crusher  and  Pulverizer  Go,,.  St,  Louis,  Missouri,  driven  by  a  220  v, 
3  Fai.,10  h.p.  motor  and  equipped  with  an  air  lift  system  which  collected 
the  salt  in  a  cyclone  settler  and  separated  the  very  fine  dust  in  a  bag 
filter  system.  The  grating  bars  of  the  mill  were  replaced  by  a  screen 
of  sheet  metal  perforated  with  1/64"  holes.  The  grind  produced  by  this 
arrangecient  lay  between  the  following  limits: 


Sieve  No. 

Per  cent  Passed 

Lower  limit 

Upper  limit 

‘ly  pi  cal 

60 

96j6 

985« 

96  o6^ 

80 

92 

94 

92,6 

100 

87 

91 

B9o2 

200 

70 

78 

73.2 

325 

1 

5556 

5.1, 2^ 
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Salts  received  ready  for  use  from  the  ISallinckrodt  Chensical  Works 
ground  in  a  Mikropulverizer  usually  had  the  following  size  distribution: 


Sieve  Ho. 

1 

Per  cent 

Passed 

Lower  limit 

Upper  limit 

60 

— 

80 

94 

96? 

100 

90 

92 

200 

70 

75 

325 

52 

60 

1 

3«3  Effect  of  Particle  Size  of  UF^  on  Yield.  Salts  having  distri¬ 
butions  between  any  of  the  above  limits  gave  equally  good  reduction 
resultso  Ho  study  was  made  of  the  effect  on  yield  of  sizes  within  narrow 
limits,  since  the  grinding  alisays  produced  a  ?jide  distributi<»i  between 
100  iBssh  and  at  least  40  per  cent  <=325  mesh,  varying  not  only  with  the 
method  of  milling  but  with  tee  properties  of  the  oxide  from  teich  the 
fluoride  was  prepared.  It  m&s  not  deemed  advisable  to  separate  by  screen¬ 
ing  the  large  amount  of  salt  necessary  for  an  ejdiaustive  study  of  the 
effects  of  size  within  narrow  limits.  Bowsver,  inadequate  grinding  at 
the  b^inning  of  production  led  to  failures. The  use  of  some  mateidals, 
which  were  received  coarsely  ground,  established  the  follovjing  upper 
limits  of  particle  size  as  definitely  deleterious  to  yield. 

Sieve  No.  Per  Cent  Passed 


60 

96? 

80 

91 

iOQ 

80 

200 

54 

325 


40 
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Yields  of  85  to  90  per  cent  of  poorly  separated,  slag-encrusted 
asetal  were  cA)tained  with  this  product  (normal  yield  at  the  time  was  92  per 
cent) .  Thus  it  appeared  that  as  much  as  10  per  cent  of  "^SO  mesh  or  20  per 
cent  of  "*100  mesh  lowered  the  yield  by  2  to  7  per  cent.  There  was  usually 
not  jnore  ttian  half  that  amount  of  either  of  these  sizes. 

The  lower  limit  of  size  was  also  roughly  established  by  the  behavior 
of  the  material  collected  in  the  filter  bags  of  the  Williams  lail.  Sieve 
a^xaiyses  showed  this  material  to  be  all  -325  mesh.  This 
yield  of  77,6  per  cait  metal,  poorly  separated  and  slag  covered, 
actual  size  of  this  -325  mesh  material  was  not  determined. 

3,4  Effect  of  Density  of  UF^  on  Yield.  Attempts  were  also  made  at 
the  beginning  of  the  project  to  prepare  by  vrat-way  reactions.  The 
product  was  precipitated,  filtered  in  filter  press  and  dried.  It  emerged 
froa  the  pressing  £uid  drying  processes  in  light  flakes.  The  result  was 
a  density  of  only  one-third  to  one-half  that  of  the  usual  dry-way 

product.  The  reduction  of  this  product  with  ISg  was  not  investigated  bui. 
it  was  reducible  to  massive  metal  with  Ca  only  by  pressing  the  charge  as 
described  in  the  previous  report  on  production  by  Ca.  In  both  cases 

low  yields  of  nstal  of  poor  quaUty  were  obtained}  dry-way  materials  of 
high  density  which  met  other  requirements,  i.e.  assay  etc.,  produced 
yields  up  to  97  per  cent.  The  deleterious  effect  of  low  density  was  due 
to  both  low  heat  conductivity  resulting  in  lack  of  adequate  heat  input 
during  preheating  and  to  the  low  concentration  of  charge  and  consequently 
to  the  low  concentration  of  heat  of  reaction  resulting  in  failure  to  reach 
a  sufficiaitly  Mgh  temperature  to  fuse  the  products.  Salts  \vith  packing 
density  of  less  than  3  g/cc  were  found  to  give  poor  yields.  The  packing 
density  of  standard  UF^  received  varied  from  3,3  to  3.6  g/cc.  The  packing 
density  of  the  mixed  charge  in  the  bomb  varied  from  2.6  to  2.75  g/cc. 

3.5  Effect  of  00^  and  ^^^^2  ^  early  production  of 

UP  various  lots  of  salt  produced  very  low  yields  or  even  failed  to  react 
at^all.  On  analysis  these  lots  were  frequently  found  to  be  high  in  either 
UC  (aiESMiium  oxalate  insoluble)  or  UOgPg  (water  soluble)  or  both.  During 
the  hydrofluorination  process  incompleteness  of  treatment  left  a  residue 
of  UOg,  or  the  presence  of  water  in  the  Iff  resulted  in  the  formation  of 
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U02  bj  iiydrolysis,  or  the  production  of  U^Og  or  UO2F2  by  oxidation  at 
hi^er  tezaperatureso  The  admission  of  air  into  the  hot  chamber  during 
the  reaction  or  during  the  cooli-ng  period  would  also  have  produced 
or  UO2F20 

In  any  case  UO2  or  ^^2^2  both  frequently  found  to  be  present 

in  poorly  reacting  lots  of  UF^  which  were  within  specifications  with 
regard  to  density  and  particle  sizco  In  an  effort  to  determine  exactly 
the  permissible  limits  of  UO2  a  series  of  blends  were  prepared,  analyzed 
and  reduced,  five  lots  containing  Oo75  per  cent,  I.56  per  cent, 

2o92  per  cent,  8.23  per  cent  and  11.44  per  cent  respectively  of  insolub3,e 
oxide  were  used.  These  lots  were  reduced  with  7o5  per  cent  excess  %  in 
the  regular  production  processes  and  each  lot  was  cast  separately.  The 
over'^all  yield  of  cast  metal  was  deteradned  as  sho^^n  in  Table  1. 

Table  1 

EFfECT  OF  UO2  IK  UF^  HELD  OF  U 


UO2 

(teion,  Oxal.  Insol.) 


Crude 

Yield 


90^6% 

90o4 

88.9 

73o5 

71o6.g 


Casting 

Yield 


93»0^ 

92.6 

93.2 

80o2 

67c1% 


I  Over-all 
Yield 


It  viill  be  seen  that  the  cast  yiel.ds  of  the  first  three  lots  were 
prsctically  the  same,  but  the  crude  yields  dropped  slightly  with  increas¬ 
ing  dioxide.  The  over-ail  yields  dropped  by  1=4  per  cent  and  2.2  per  cent 
It  r-ay  be  concluded  that  3  pst-  cent  of  oxide  produces  approximately  a 
2  per  cent  decrease  in  yield  and  should  not  be  tolerated.  Tlie  8  per  cent 
aioxj.de  content  caused  a  decrease  in  both  the  crude  and  in  the  cast  steps 
and  an  overfall  decrease  of  25  per  cent,  while  tiie  11  per  cent  content 
caused  an  over-all  decrease  of  37  psr  cent. 


The  effect  of  was  studied  with  lot  L  2717  VROl  of  tdiich 

failed  to  react  on  heating  with  Ko  significant  amcnint  of  dioxide 

was  found  but  analysis  revealed  the  presence  of  15o8  per  cent  of  ^^^2 
(water  soluble  fraction).  Assay  for  UF^  revealed  only  82.6  per  cent, 
th-3  rsssainder  being  carbon  from  the  trays  and  silica.  Further  lots 
containing  3.20  per  cent  of  reacted  but  gave  biscuit  yields  as  low 

as  86  per  cent  (90-94  P«r  cent  yield  normal  at  the  tiioe).  Thus  it 
appeared  that  3  per  cent  of  UOgF^  was  quite  detrimental  and  15  per  cent 
even  prevented  reaction.  On  the  basis  of  these  and  subsequent  operational 
observations  3  per  cent  of  combined  UO^  and  ^^2^2  permis¬ 

sible  limit,  or  an  assay  of  97  per  cent  DF^  was  adopted  as  the  congwsition 
specification. 

3 06  Purity  of  UF^«  The  purity  of  the  UF^  was  controlled  very  rigor¬ 
ously  during  the  production  period.  GrajSiite  from  the  trays  and  high 
iron  occiarred  in  some  of  the  early  lots.  After  production  was  standard¬ 
ised,  however,  purity  became  very  censistent.  Ti-pical  felLinckrodt 
Chemical  rtorks.  salt  ran  from  12  to  18  ppm  in  Fe,  0.15  to  0.83  per  cent 
UOg,  0.83  to  1,28  per  cent  80^2*  Boro”  centent  was  well  below  0.2  ppm 
but  was  analyzed  routinely  <mly  within  this  limit.  Thief  san5)les  of  8F^ 
were  taken  at  Amss  from  those  supplies  which  required  grinding  for  check' 
on  iron  pick-up. 

3„7  Specifications.  The  final  specifications  adopted  for  UF^  were: 

Grind:  not  over  6%  '^SOi  not  over  12^  ■*’100,  not  aver  70%  -325  mesh. 

Assay:  975^  UF^ 

Purity:  Fe  50  ppm 

iai  25 

B  <0.2  ppm 

4.  Processing  and  Specifications  of  Ifa-gnesium 

Bae  magnesium  used  in  production  has  been  obtained  for  most  part 
from  the  J5sw  England  Lime  Company,  Cartaan,  Connecticut  and  was  produced 
by  the  reduction  of  doloraitic  oxide  by  ferrosiliccxi.  The  volatile  metal 
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vias  condensed  in  iron  sleeves  into  muff s  about  10'*  in  diameter  and  8  to 
12^  long*  These  imaffs  consisted  of  1  to  1  l/2”  of  dense  netal  forining 
an  outer  shell  from  which  fingers  or  asparagus-^like  structiires  or  fibers 
and  platelets  extended  inward  leaving  an  opening  about  4”  in  diameter  in 
the  center « 

4cl  Processing  of  Ife  at  Plant o  It  v^as  necessary  to  reduce  these 

(13) 

aggregates  to  10  to  50  mssh  metalo  It  was  first  necessary  to  break 
do-m  the  saiffs  to  sizes  that  could  be  introduced  into  the  primary  cutter* 
Tnis  was  done  by  crushing  the  mff  in  a  large  pinch  press  equipped  with 
cutting  edges  the  spindle  and  table.  The  resulting  pieces,  4  or  5” 
long  by  2^*  wide  by  1”  thick  could  be  fed  into  the  next  cutter.  This 
product  was  passed  over  an  Automatic  Spout-Type  Magnet  supplied  by  the 
Dings  Magnetic  .Separator  Con?)any,  Milwaukee,  V/isccaisin,  to  remove  any 
trarup  iron  ccsitained  in  the  original  material  or  acquired  in  the  first 
breaking  up,  both  to  protect  the  following  cutters  and  to  prevent  contasi- 
nation  of  the  product  by  irpnc? 

The  broken-up,  xuagnetically  cleaned  magnesium  was  next  reduced  by 
cutting  in  a  Type  AB  Hog,  Serial  No.  C-5970  built  by  M3.tts  and  Merrill, 
Ind,,  Saginaw,  Michigan.  This  mill  cmisisted  of  8  knives  mounted  in  a 
large  rotor  cutting  against  breaker  bars  mounted  in  the  housingp  Equipped 
with  a  screen  of  l/2^^  steel  plate  perforated  with  1/4”  holes  tlds  mill 
reduced  the  magnesium  to  pellets  1/4”  in  diameter  and  smaller  o  Its 
capacity  was  200  Ibs/hr  of  lump  lig  or  more  if  finer  material  was  intro¬ 
duced. 

The  magnesium  from  the  above  jsili  was  again  passed  over  the  nngnetic 
separator  and.  introduced  into  the  next  cutter,  a  Type  2-3B  Rotary  Knife 
Cutter  built  by  Sprout-sValdron  and  Co.,  Muncy,  Pa,  This  cutter  was  equip¬ 
ped  with  5  rotary  and  5  stationary  blades  24”  Icaig  vdth  laid  tool  steel 
cutting  edges,  driven  by  a  220  v,  3  ph.,  15  hoP*  motor.  Tiiis  mill  had  a. 
capacity  of  125  Ibs^^  of  Mg  from  the  hogo 

The  cut  £»tal  was  then  passed  over  a  50  mssh  mechanical  screen  for 
the  resaoval  of  fine  Mg  and  %0  knocked  from  the  surface  of  the  metal 
during  cutting.  Siese  scre&nxkgs  were  removed  because  of  the  deleterious 
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effect  of  the  oxide  on  the  reaction  yield  and  because  most  of  the  impuri¬ 
ties  in  the  Hg,  particularly  of  the  B  and  ?e,  were  removed  with  themo 

The  screened  Ug  was  passed  over  the  magnet  again  just  prior  to  weigh¬ 
ing  and  mixing  in  the  charge, 

4.2  Effect  of  Ife  Produced  by  Different  Processes  on  Yield  of  B, 
Magnesium  produced  by  various  processes  was  tried  out  during  the  develop¬ 
ment  of  the  process,  llie  first  obtained  t?as  electrolytic  Ug,  distilled 
for  purification.  It  was  con^^arable  to  the  ferrosilicai  metal  used  later 
and  since  it  involved  a  separate  step  of  distillatiOT^  only  a  smll  amount 
of  it  was  produced  to  get  the  work  started.  Ug  produced  by  the  Pidgeon 
process  by  reduction  of  dolondtlc  oxide  by  ferrosilic<^  was  next  obtained, 
supplied  by  the  New  Eh^and  Lin»  Co.,  Canaan^  Coiin.  Ifetal  by  the  same 
process  was  obtained  from  other  producers  and  finally  so2!^  metal  by  the 
caibothermic  reduction  produced  by  Pericanente. 

A  nusi^er  of  studies  were  ccmducted  to  deteradiie  the  effect  cai  the 
jrield  of  uraxiiura  of  these  types  of  Mg  produced  by  different  methods. 

Some  types  were  quite  consist^t  in  their  behavior  idiila  others  varied 
gi’catly.  Sufficient  stocks  of  each  type  (enough  for  at  least  12  reduc¬ 
tions  under  any  given  set  of  coiditions)  were  procured  in  order  that 
variations  at  the  source  should  not  enter  into  the  results  and  they  were 
processed  under  identical  conditions  as  described  above.  The  ground 
luaterial  resulting  from  the  various  types,  however,  was  not  the  same  in 
sise  or  shape  due  to  differences  in  structure  of  the  different  types. 

Kius  the  New  Sigland  Lime  Con?)any  crovuns  produced  fibrous  material  while 
the  Penaanente  dense  crystals  produced  quite  granular  particles,  resulting 
in  a  difference  in  the  surface  to  mass  ratio.  These  differences  are 
rcflectsd  in  the  sieve  analyses  of  the  products.  Separate  studies  at 
dliforent  times  produced  varying  results  for  a  given  type  of  Mg  due  to 
other*  variables,  such  as  fluoride  or  liner  material.  Hoir/eVer  it  is  pos¬ 
sible  to  coH53ensate  soiaewhat  for  these  variables  by  comparing  regular 
production  results  at  those  times.  The  results  of  two  such  studies  are 
suiiLniarised  here. 
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In  the  first  various  types  of  Ug  were  obtained  from  the 

Petmsanente  Metals  Corporation^  Pennanente,  California,  from  the  New  Eng¬ 
land  Lime  CkMopany,  Canaan,  Conn, ,  and  from  Magnesium  Reduction  Con^jany, 
Luckeyj  (3iio<. 

4. 2,1  Qiaracteristics  of  Ite  of  Different  Types  from  Various  Sources, 
The  various  types  of  1%  froa  the  different  sources  had  the  following 
characteristics ; ^  ^ 

I,  Pei'ffianente  Metals  Corporation,  dense^  ”popcom”o  A  relatively 
symmetrical  crystal,  approxiniately  equi-axial,  3  to  6  hhii  along  its  edges, 
in  clusters  like  popcorn  balls.  Each  crystal  was  very  hard  and  dense  and 
difficult  to  cut  in  the  mills.  Trie  final  product  after  cutting  in  the 
Sprout-Waldron  Gutter  with  blades  set  at  0.030”  (all  samples  described 
below  were  cut  at  this  setting)  consisted  of  small,  symmetrical  cubicles 
\idth  sjKJoth  faces.  The  sieve  analysis  is  sho«ei  in  Table  3.  As  will  be 
seen  the  particles  of  the  Permanents  products  were  much  isore  uniform  than 
the  other  types,  larger  on  the  av'erage  and  contained  less  fines, 

II,  Ferffianente,  ^fibrous”  or  ”foamy”.  This  .material  consisted  of 
smaller  cr^^stals  (1  to  3  than  the  above  vdth  fine  fibers  occupying 
the  interstices.  Superficially  the  unit  particles  appeared  to  be  dif¬ 
ferent,  but  actually  thqy  were  of  the  sanie  s^-Tunetrical  crystalline  type 
and  after  nailing  the  final  product  was  very  similar  to  Type  I  in  particle 
sise,  shape  and  nature  of  surface.  There  is  very  little  essential  dif¬ 
ference  in  the  two  forrra,  if  any. 

YII.  Pemmiente  grourui  through  Williams  Hammer  Mill  in  St.  Louis, 

Mo.  for  preliEdnary  cutting.  Final  grind  in  Sprcut-Waldron  Cutter  at 
Ameso  Results,  similar  to  above.  About  20  per  cent  of  the  material  from 
the  hammr  mill  was  too  coarse  for  the  Sprout-Waldron  Cutter,  Tills  situ¬ 
ation  might  be  remedied  by  the  use  of  a  finer  screen  or  less  clearance 
in  the  breaker  bars  of  the  hasmer  millo 

III,  New  England  Liaie  CoiH>any  No,  2  Crystals.  These  "crystals” 

ccaisisted  of  fibrous  dendritic  structures  arranged  in  parallel  aggregates 

« 

foriiang  long  "fingers”.  These  ”fingers”  ranged  from  one^-half  to  several 
indies  long  and  cme  q^iarber  to  one  inch  in  dianietsr.  On  cutting  they 
produced  elongated  fiat  units  rather  than  syiimetrical  particles.  Tlvey 
produced  much  laore  fines  than  did  the  Permanente  product. 
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IV^.  New  England  Lime  Coinpan^r*  regular  stocky  consisted  of  crystals 
and  broken  crowns  and  nsiffs.  It  was  very  little  different  from  the  above 
after  grinding  because  the  crowns  and  Miffs  siioply  consisted  of  parallel 
^fingers”  eiabedded  in  a  nearly  fused  base  formed  on  the  sides  of  the 
condenssr.  The  latter  produced  zaore  synfflistrifc^  particles# 

YI.  New  England  Lime  Conpany;  preliminary  cut  in  fiansisr  ndil^  final 
cut  in  Sprout-4^aldron  Cutter#  It  was  similar  to  the  above  New  Snsland 
products o 

7.  Magnesium  Seduction  Company  Crowns.  Ihe  £!agnosium  Reduction  Co© 
crowns  were  similar  to  toose  of  New  Shgland  Lime  Co*  but  the  dendritic 
fibers  were  imich  finer.  The  final  product  consisted  largely  of  elongated 
fibers,  naich  finer  than  those  of  the  New  Sigland  Lime  Go.  fibers  and 
cc^itained  such  more  fines, 

7III,  Magnesium  Reduction  Company  Crowns;  screened.  In  order  to 
gst  our  Magnesium  Reduction  Co.  product  nwre  nearly  equivalent  to  that 
of  the  New  Sigland  him  Co.  size  distribution  soitb  of  the  Type  V  material 
was  screened  over  18  jjassh  naechanical  screen  and  the  10  to  18  fraction 
which  still  contained  much  fine  material  (see  sieve  analysis)  T.?as  used. 
However,  the  size  distribution  ivas  still  quite  different  fram  that  of  the 
New  Sigland  Idme  Co.  It  was  not  possible  to  cut  the  l^fegnesium  Reduction 
Co.  isagaesium  to  the  saiaa  distribution  as  that  of  the  New  England  Lime  Co. 
because  of  the  fin^ess  of  its  crapment  fibers. 

The  sieve  analyses  of  the  various  types  of  magncsiura  are  given  in 
Table  2. 

4.2«2  Procedure  of  Experiment, In  this  experiment  a  number  of 
series  were  ran  consisting  of  3.2  to  24  reductions  or  shots  of  each  type 
of  under  fixed  condltlc^s  with  all  other  mateid-als  kept  constant  o 
rne  various  types  of  !{g  were  alternated  successively  in  the  mixing  of 
the  charges.  In  this  vfay  fluctuatims  in  furnace  behavior,  changes  of 
operator  in  the  production  line  with  change  of  shifts  and  other  human 
and  mechanical  variables  were  as  nearly  as  possible  balanced  out. 

BcQi>  linings  were  made  of  Ste.  Genevieve  hard-burned  lime  mixed  with 
4  per  cent  mgnesiaa  powder,  50  to  80  mesh,  to  within  10”  of  the  top  of 
the  boah,  finished  and  topped  with  Kelly  Island  Lime  and  Transport 
Coc^jany^s  dolcodtlc  lims  without  magnesium  fines,  Series  of  12  shots  of 
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each  type  of  Mg  were  also  run  at  various  fiirrace  temperatures  from  IO50S' 
(575*^C)  to  1300°F  (705°C)  by  50°  (F)  intervals,  TSie  crude  ingots  or 
''biscuits'*  of  each  type  tjsre  cast  separately  and  reduction  of  '•biscuit" 
yields  and  casting  yields  were  recorded  for  each  run.  The  over^-all  yield 
or  product  of  reduction  yield  tines  casting  yield  is  necessary  since  the 
Gr.:d3  metal  weight  with  slag  inclusions  and  incrustations  represents  a 
false  yield. 

TABI£  2 

SffiS®  AJJALYSSS  OF  TYPES  0^  Mg  USED 
IN  ife  GOMPARISCS!  STUDY  NO.  1 


Type 

Size 

Range 

+10 

10-20 

20-30 

30-40 

40-60 

-60 

I 

68^ 

18^ 

s% 

3% 

2^ 

II 

1 

79 

12 

4 

1 

3 

III 

i  i 

t 

53 

25 

4 

7 

0 

IV 

i 

1  1 

\ 

38 

27 

19 

13 

2 

V 

1 

29 

24 

21  1 

18 

7 

VI 

1 

46 

28 

16 

8 

1 

VII 

67  1 

21 

9 

1 

1 

vin 

'  ^ 

35^ 

3136 

22^ 

10:6 

(17) 

452.3  Heaults  of  Investigation.  The  biscuit  casting  and  over¬ 
all  yields  of  the  various  types  of  magnesium  at  each  furnace  temperature 
are  presented  in  Table  3  and  shown  graphically  in  Figures  2  and  3- 


p£fi  C£f>fT  rf£LO 
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TABLE  3 

EFFECT  OF  VARIOUS  TTPE  OP  MAGNESIUM  CM  TISLD 
CF  URAIJIUM^^®^ 


Furnace  Temperatures 


7^  Mg 

stage  !i050®f|i100°f!i150^| 

1200^ 

1250®F 

1300^ 

of  Yield 

575  C 

600^0 

(>25  C 

650  C 

675  C 

705  c 

!•  Perrsanjente 

Biscuit 

91.6^ 

92.1:6 

94.8^ 

90.056 

90.6^ 

9lM 

( Dense ^  popcorn) 

Casting 

94.9 

96.7 

94.9 

93.6 

95.2 

95,4 

Over-all 

86,9 

89.0 

90.0 

84.3 

86.3 

87.3 

11  •  Pen&anaite 

Biscuit 

89o3 

93.3 

95.3 

91.4 

89.3 

88.6 

(Fibrous,  foany) 

Casting 

93.6 

!  97.0 

96c4 

94.4 

93  o4 

94  o4 

Over'-^l 

83.5 

1  90.5 

1 

91.8 

86.3 

83.4 

83.6 

¥11.  Perir^ente 

1 

Biscuit 

92.4 

Kananer 

Casting 

- - 

- - 

— 

95.5 

— 

- - - 

i  Over-all 

— - 

— 

- — 

87.4 

III.  Ke-j?  Eng.  Liroe 

Biscuit 

86.0 

89.2 

90.6 

89.5 

88.8 

86.8 

No.  2  crystal 

Casting 

93.8 

95.5 

95*0 

94.3 

94.8 

94.4 

Over-all 

80.6 

85.2 

86.0 

84.4 

84.2 

81.9 

17.  Ksh  £kig.  Line 

Biscuit 

88.0 

89.6 

92.3 

90.0 

89.9 

87.6 

Regular  Stock 

Casting 

95.3 

95.1 

95.3 

94.9 

95.5 

94.9 

Over-all 

83.8 

85.2 

88.0 

85.5 

85.8 

83.1 

71.  New  Eng.  Lime 

Biscuit 

89.0 

88.4 

88.5 

89.7 

- - 

82.S 

Harnner  Mill 

Casting 

95.3 

95.4 

94.6 

95.1 

-- --  i 

95.4 

Over-all 

84.7 

84.3 

83.7 

85.3 

— 

78.9 

¥o  Magnesium 

Biscuit 

65.0 

85.3 

84.3 

85.7 

80.6 

81.2 

Reductioh  Co. 

Casting 

93.7 

95.1 

92.6  j 

90.0 

93.1 

92.6 

Crowns 

Over-all 

79.656 

81.0^ 

78.1 

77.1^ 

15.0% 

75.2 

VIII.  Ma^esium 

Biscult^ 

- - - 

86.9  ! 

'  1 

79.8 

Reduction  Co. 

Casting 

— - 

- - 

94.0  1 

1 

— - 

93.0 

Crowns,  Screened 

Over-all 

81.7^ 

_ 1 

1  — 

74.3$ 
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The  yield  curves  show  Uiat  the  vaidous  types  of  i'ermanente  JBagnesium 
produced  the  highest  yields  and  that  of  the  Siangnesium  Keduction  Co. 
produced  the  lowest  yields  while  Uife  He?i  En^and  Lime  Compare  materials 
produced  inters^diate  values.  Secondly,  it  appeared  that  each  type  had 
an  optimum  preheating  temperature.  However,  the  optima  for  soji®  of  the 
tyj'23  did  not  occur  in  this  exjjeriment  at  the  same  temperatures  as  had 
bsen  previously  observed  for  thoss^  types.  This  difference  will  be  dis” 
cussed  below. 

It  v;as  also  veiy  clearly  demonstrated  in  this  experiment  that  the 
over“ail  yield,  not  merely  the  biscuit  or  reduction  yield,  must  be  deter- 
irdjisd  in  comparing  production  data.  This  was  shown  most  strikingly  in 
the  cose  of  Type  V,  Kagnasium  Reduction  Co,  crowns.  Here  the  maximum  in 
bisciiit  production  occurred  at  1200°F  whereas  in  our  previous  experience 
it  I:ad  occurred  at  1100®F,  Also  a  minimum  occurred  at  1150°F  at  which 
tsmoeraturs  an  other  types  produced  maxiraa.  These  inflectiohs  appeared 
to  be  without  reason.  But  when  the  crude  metal  had  been  cast  and  the 
cvsr—all  yields  calculated  and  plotted,  the  maximum  at  1200® F  disappeared 
and  the  true  maximum  at  1100°F  appeared,  confirming  our  previous  experi¬ 
ence  with  Ifagnesium  Reduction  Co,  magnesium.  The  apparently  hi^  biscuit 
yield  was  due  to  poor  separation  of  metal  and  slag  and  included  consider¬ 
able  slag.  Such  biscuits  always  produced  lower  casting  yields.  In  this 
connection  it  may  be  seen  that  a  graph  of  casting  j^ields  against  biscuit 
yields  (Fig,  4)  shows  about  0,25^  decrease  in  casting  yield  per  1,00 
per  cent  decrease  in  biscuit  yields.  Such  extreme  cases  as  the  1200°F 
point  on  Tirps  V  curve  deviate  greatly  from  this  relation,  however. 

The  major  object  of  the  best  T-aa  to  compare  the  productivity  of  the 
various  types  of  aagnesium.  The  results  in  this  regard  were  quite  clear. 
The  Various  types  of  Penaanente  magnesium  were  outstandingly  superior  at 
liCO®  to  1150®F  and  at  higher  temperatures  at  1300®F«  The  latter  obser¬ 
vation  was  in  keeping  with  the  experiences  of  the  Mallinckrodt  Chemical 
Works,  At  i200°F  to  1250**F,  however,  the  Permanente  and  the  New  England 
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Lime  Co.*products  behaved  very  similarly.  At  the  average  of  their  maxiina 
the  Peiroanente  types  exceed  the  New  England  Line  Co.  types  in  over-^all 
yield  by  5  per  cento  5hese  results  were  not  substantiated  in  the  next 
tests  (Section  )#  Throughout  the  range  investigated,  the  Magnesium 
Reduction  Co,  crowns  are  3  to  14  percent  below  the  other  products  except 
at  one  point. 

•  (19) 

4.2a4  Conclusions.  ^  '  Ihe  explanation  of  these  differences  was 

uot  at  all  obvious.  All  of  these  products  were  so  pure  chemically  that 
the  concept  of  greater  activity  due  to  calcium  or  other  contaminants  even 
as  a  catalyst  seems  untenableo  Difference  of  ciystal  systems  had  been 
suggested  but  Dr,  Eundle  of  Iowa  State  College  found  X-ray  evidence  of 
only  one  crystal  s^'stem  in  all  the  types^  The  only  apparent  differences 
v-ore  (i)  the  particle  size  distribution;  (2)  particle  shapes  and  (3)  sui'- 
face  conditioHo  Less  obvious  differences  wero  content  of  active  metal 
or  of  oxygen  and  nitrogen. 

It  will  be  seen  that  the  Psrmanente  materials  had  the  greater 
percentages  of  larger  particle  sizes  wiiile  the  Magnesium  Reduction  Go. 
crowns  which  produce  the  lowest  yield  had  the  highest  content  of  fines. 
Also,  it  will  be  observed  that  Type  VIII  which  was  the  Type  V, 

Magnesium  Reduction  Co,  crewns,  passed  over  a  20  mesh  screen,  showed  an 
increase  of  overfall  yield  of  3®  5  per  cent  over  the  l^pe  V  before 
screening*  Not  all  -20  material  was  removed,  but  the  composition 
approached  that  of  U\e  New  England  Lijoe  Co*  product.  That  these  varia'=^ 
tions  in  size  ndght  be  the  source  of  difference  in  yield  necessitated  a 
study  of  the  effect  of  particle  size,  described  in  the  next  section  of 
this  report. 

The  nature  of  the  surface  varied  considerably,  the  Permanente 
offering  a  bright,  freshly  cut  surface  while  xoany  of  the  Mangosium 
Reduction  Co«  particles  consisted  of  original  needle-like  crystals  with 
the  surfaces  foriasd  at  the  time  of  condensationo  The  latter  surfaces 
might  have  been  expected  to  be  corroded  and  hence  to  delay  reaction* 

That  this  was  not  true  was  indicated  by  the  fact  that  the  Magnesium 
Reduction  Co.  product  reacted  more  quickly  than  either  of  the  others - 

Another  significant  difference  in  the  performance  of  the  various 
types  of  isagnesium  at  the  various  temperatures  was  the  firing  time. 
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An  optiaaim  firing  rime  ■was  observed  for  each  type  of  magnesium.  Sixty 
minutes  of  preheating  produced  maximum  results  with  Pexmanente,  48  to  53 
minutes  with  different  types  of  New  England  Lime  Co.  and  47  minutes  with 
Magnesium  Reduction  Go.  It  is  obvious  that  insufficient  heating  or  too 
quick  firing  would  produce  poor  results  by  failure  to  add  the  necessary 
amount  of  heat.  The  decrease  i>f  yield  by  too  long  heating  was  not  due 
to  the  addition  of  too  much  heat,  hovjever,  as  was  shown  by  occasional 
good  yields  obtained  on  heating  tp  two  hours  or  more,  but  to  the 
hydrolysis  of  \im  tetrafluoride  by  water  in  the  lining  refractory. 

Hence,  the  optimum  time  of  preheating  was  a  proper  balance  between 
the  longer  time  for  the  introduction  of  sufficient  heat  and  the  shorter 
time  to  prevent  side  reactions.  At  too  high  preheating  temperatures  the 
charge  near  the  wall  reached  ignition  temperature  before  sufficient  heat 
had  been  added  and  a  low  yield  due  to  the  addition  of  insufficient  heat 


resulted. 

4,2,5i  Supplenantary  Experiment.  In  the  second  experiment 
some  of  the  same  forms  of  Hew  England  lArae  Company  magnesium  were  used 
along  with  tim  new  ones,  the  fine  or  No.  5  crystals  and  the  "heads"  from 
the  condenser  and  Boae  broken  crowns  and  crystals  from  the  Amco 


Magnesium  Company,  Hingdale,  H.  T.  llie  products  had  the  following 

(a) 

characteristics: 

(a)  Hew  England  Idme  Company  Muffs  -  These  "muffs"  were  received 
in  mre  or  less  hollow  cylinders  about  10"  in  diameter.  The  bottom  and 
sides  were  composed  of  a  layer  of  nearly  fused  magnesium  approximately 
one  inch  thick  whirii  formed  on  the  sides  of  the  condenser.  The  center 
part  of  the  "muff"  consisted  of  parallel  "fingers"  embedded  in  the  semi- 


fused  base. 

(b)  Hew  England  l-ima  C<w^)aby  No.  2A  Crj'stals  -  These  "crystals" 
consisted  of  fibrous  dendritic  structures  arranged  in  parallel  aggregates 
forming  "fingers".  These  "fingers"  ranged  from  one-half  to  several 

inches  long  and  one ■ quarter  to  one  inch  in  diameter .  On  cutting  they 
produced  elongated  flat  units  rather  than  symmetrical  particles. 
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(c)  New  England  Lime  Company  £4o*  5  A  Crystals  -  Tnis  material 
consisted  of  smaller  crystals  than  the  NOo  2A.  The  ciystals  resembled 
coiiBion  rock  salt.  There  was  a  lai*ge  amount  of  foreign  material  present 
and  this  type  was  us^  only  after  sorting  by  hand, 

(d)  New  England  Lime  Company  ”heads”  or  ”pie  plates”  -  These 

”pie  plates”,  formed  at  the  ends  of  the  condenser,  consisted  of  a  nearly 
fused  base  with  parallel  "fingers”  embedded  and  extending  upward  from 
the  base.  After  cutting  the  "pie  plates"  with  a  punch  press,  there  ^as 
very  little  essential  difference  between  these  "pie  plates"  anct  the f s". 

(e)  New  England  lime  Company  Muffs  ground  in  large  Hammer  Mill  - 
This  product  was  received  ground,  having  been  put  through  the  VVilliaras 
swing-type  hammer  mil  at  Canaan,  Conn.  All  but  a  small  fraction 
(0,25-0. 5^)  of  this  material  passed  through  a  1/4"  screen  and  could  be 
fed  directly  into  the  Sprout-Waldron  l!ill.  The  residue  consisted  of 
compact  solid  oval  pellets  i/4"  to  l/2"  in  the  various  dian^ters.  However, 
these  pellets  were  large  for  direct  cutting  in  the  Sprout-Waldron, 

(f)  Araco  Ifagnggjm  Compare,  Crystals  and  Broken  Crowns  This 
material  consisted  of  a  inixture  of  broken  crowns  and  "fingers"  similar 
to  New  England  Liine  COo  broken  lauffs  and  No,  2  crystalso  The  crowns 
were  received  cut  into  3"  to  4"  pieces. 

After  grinding  there  was  no  essential  difference  between  the  various 
Kew  Bn^and  lime  Co,  products  except  the  fine  crystals.  These  had  more 
exposed  surface  and  higher  surface  contandnationo  The  Araco  product  was 
quite  similar  to  the  corresponding  New  ^igland  Lime  Co.  product. 

This  experiment  was  conducted  with  Mallinckrodt  Chemical  Co, 
tetrafluoride,  lig  in  7  1/2  per  cent  excess,  a  boinb  liner  of  Ste®  Genevieve 
lime  with  3  per  cent  Mg  fines  in  the  bottom  section,  of  the  bonJt?,  1  per  cent 
Kg  fines  in  the  side  wall  and  Kelley  Islanci  doloraitic  lime  in  the  top. 

The  furnace  temperature  was  1200^?, 

The  yields  produced  by  the  various  types  of  Mg  used  in  this  study 
are  sjmssrlzed  in  Table  4* 
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TiiBLE  4 

FUHTHKH  STIBY  OF  EFFECT  OF  VAHIO^  TYFES 
OF  Ifg  ON  YIELD  OF  UiUNIiai^22; 


♦Excluding  one  faulty  casting,  not  due  to  materials  being  tested. 


It  win  be  observed  that  under  regular  operating  conditions  varia¬ 
tions  of  yield  TOre  very  small  and  the  yields  may  therefore  be  considered 
as  representatives  of  the  types  of  Mg  employed.  It  is  particularly 
noticeable  that  the  Kevi  England  Lime  Co.  muffs  on  the  basis  of  consistency 
which  in  performance  and  composition  had  already  been  adopted  as  the 
regular.  Mg  for  production  gave  an  ovei'-all  yield  of  93«.2  per  cent  in  this 
experiment  as  compared  Tfith  an  oversell  yield  of  85,5  per  cent. in  the 
earlier  experiment.  This  difference  was  probably  due  mpre  to  improvement 
of  liner  material  and  liner  installation  and  possibly  of  tetraf luoride 
than  to  differences  in  the  magnesium.  Hence,  these  two  results  may  be 
used  in  correlating  other  portions  of  the  two  expeiinents. 


% 

On  the  basis  of  these  experinients  and  of  other  smaller  studies  the 
mffs  produced  by  the  Kew  England  Lime  Go*,  vrere  adopted  as  standard  prod’- 
uct  for  the  process o  In  consistency  of  behavior  and  of  comf>osition  and 
purity,  this  product  vias  most  dependable.  The  high  results  shown  by  the 
Psnaanente  carbothennic  product  in  the  first  study  v-ere  not  substantiated 
in  other  tests  and  its  behavior  was  very  erratic* 

^•3  Effect  of  Particle  Size  of  Mg  on  Yield  of  In  the  attempt 

to  set  up  specifications  for  particle  size  of  lig  for  use  in  the  reduction 
ib  was  observed  that  the  sai&e  processing  of  the  various  types  of 
Mg  produced  by  different  processes  gave  different  shapes  of  particles  and 
different  distributions  of  particle  size.  Thus  the  rather  symmetrical 
Permanente  crystals  gave  approximate  equiaxial  granules  while  the 
Kew  England  Linie  Co*  muffs  produced  fibrous  urdtso  As  a  result  the 
behavior  of  these  particles  in  the  screens  did  not  really  represent 
relative  particle  sizes  or  surface  areas  per  unit,  of  masso  Hence,  a 
cofljplete  study  of  the  effect  of  particle  size  oh  the  yield  was  made  using 
each  type  of  Jig  studied* 

Also,  different  grinds  were  obtained  at  the  various  plants  due  to 
U3S  of  different  cutting  equipment.  Soioe  of  these  grinds  were  simulated 
by  £?1  ending  screened  mate  rial  o  Other  material  was  separated  into  fairly 
aarrow  limits  by  screening  in  order  to  study  the  effect  of  each  size  withan 
as  narra?*  iimits  as  possible* 

4*3-1  Specifications  of  Uk  Used  in  Test*^^^  In  order  that  other 
valuables  be  excluded  all  these  lots  were  prepared  from  the  same  stock 
of  Hew  Knglami  Lime  Co*  muffs  whose  behavior  had  been  found  to  be  1210 st 
consistent^  Since  the  New  England  imiffs  could  not  be  cut  to  simulate 
the  shape  of  the  dens©  Permanente,  one  lot  of  the  latter  was  included  * 

After  cutting,  screening  and  blending  in  ah  effort  to  obtain  the  above 
results j  the  final  lots  and  blends  were  again  analyzed  for  size 
distribution  with  the  results  shown  in  Table  5. 
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TABLE  5 

ACTUAL  SGEEQI  ANALYSES  OF  PREPARED  LOTS  OF  llg 


Desig¬ 

nation 

4-10 

10-20 

2O=-30 

30-40 

40-60 

a 

US 

62^ 

22^ 

lOjg 

4^ 

I 

b 

1 

1  44 

23 

18 

12 

4 

c 

1 

55 

26 

13 

5 

0 

d 

2 

75 

13 

9 

1 

0 

® 

85 

15 

1 

1 

0 

0 

f  i 

1 

67 

24 

6 

1 

1 

g 

0 

1 

20 

38 

34 

s 

h 

0? 

Of, 

OiS 

2^ 

k% 

55^ 

Designation  Description  of  Prepared  Lots> 

a  Regular  (kind  of  NoEoLo  at  lo^a  State  College 

b  Blend  to  Simulate  Electroraet  Grind  of  NoEoLo 

c  Blend  to  Simulate  Ames  Grind  of  Permanente 


d  Permanente  Mg  as  Ground  at  Ames 

e  ^10  mesh,  as  screened,  NoE^Lo 

f  10-20  mesh,  as  screened,  NoEoLc 

g  20-40  mesh,  as  screened,  KoE,Lo 

h  40-^  mesh,  as  screened,  NoEoLo 


4.3.2  Basults  of  InTCaiigation..^^^)  'Rie  results  of  the  test  at 
a  preheating  teaperature  of  1200°F  are  sununaidzed  in  detail  in  Table  6. 
IRie  regular  Ames  grind)  the  simulated  Electrosist  blend  and  the  blend 
tc  simOat©  the  size  distribution  of  ground  Perjoanente  magnesium  all 
^ve  cQs^jarable  results  v»iUi  biscuit  yields  in  the  range  of  95 <>5 
per  cent®  Of  the  various  narrosly  sized  fractions)  beat  results  were 
obtained  with  the  20-40  lassh  fractio-i,  which  gave  an  average  biscuit 
yield  of  95.7  per  cent.  Magnesium  from  the  Permanente  Metals  Corpora¬ 
tion  gave  a  biscuit  yield  of  92 *4  per  cent  which  was  ^*3  per  cent 
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ies3  t-han  that  obtained  fr<^  England  Lime  Goapany  magnesitim  ground 
in  the  manner  regularly  «iiployed  at  los^ra  State  College  o 

The  performance  of  the  Permanente  magnesiiLm  in  this  series  of  tests 
Trvas  comparable  Vt/ith  the  performance  of  the  Permanente  material  in  the 
previous  series  of  tests  described  under  Section  lo  Perjnanente  material 
;vas  used  in  this  program  for  control  purposes  in  order  to  shov;  whether 
operating  conditions  had  changed  during  the  period  wliich  had  elapsed 
botvjesn  the  two  test  programs*  Since  comparable  results  were  obtained 
on  the  Permanente  material  in  both  programs,  it  would  appear  that  the 
conditions  for  both  series  of  tests  were  essentially  the  same*  It 
appears,  therefore,  that  the  Mew  Ingland  Lim^e  Company  magnssiuia  used 
in  this  test  program,  ^hich  gave  biscuit  ^^aelds  in  the  range  of 
95^96  per  cent,  is  inherently  better  tl^^n  that  from  the  same  source 
used  in  the  previous  test  program  v;here  yields  in  the  range  of 
90-91  per  cent  were  obtained* 

The  results  of  the  runs  at  a  preheating  furnace  temperature  of 

o 

1250  F  are  also  shown  in  Table  6.  sshile  biscuit  yields  are  slightly 
lower  (about  1  per  cent)  at  the  higher  temperature,  the  relative  per¬ 
formance  of  the  various  fractions  of  nagnesium  remained  essentially 
unchanged. 

4o3«3  Conclusions.  It  appears  from  the  results  shown  in 
Table  6  that  magnesium  particle  size  withdn  the  limits  of  -10  to  40 
mesh  has  no  appreciable  effect  on  biscuit  yield.  The  differences  in 
biscuit  yield  obtained  from  the  various  siaed  magnesium  fractions  are 
not  siifficient  to  account  for  the  relatively  large  differences  in 
performance  among  the  various  typos  of  magnesium  tested  in  the  program 
to  evaluate  the  relative  effectiveness  of  magnesium  from  different 
sources  of  supply  covered  in  Section  4.2  of  this  report.  It  v;ould 
appear,  therefore,  that  the  differences  measured  among  the  various  types 
of  magnesium  in  the  previous  test  program  were  significant. 
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TABLE  6 

SUMMARY  OF  RESULTS  AT 
FURNACE  TEMPERATURE  OF  1200®F 


Mg 

Type 

Description 

No. 

Runs 

Ave, 

Bisc. 

Yield 

AVCe 

Gasi/ 

Yield 

Ave.* 

Over-all 

1  Yield 

Ave, 
Firing 
Time  Mru 

•  a 

Ames  Reg<.  Grind,  N»EaL. 

15 

95.7^ 

! 

90o2^ 

63 

b 

Elsctroaset  Blend,  NoEpL* 

15 

.95.3 

93.5 

89.2 

55  . 

c 

Perioanente  Blend,  NoEoL* 

15 

95.2  1 

93.A 

89.0 

60 

u 

Per^nanente  &rind ,  Peraan.  j 

15 

92.  A 

91.3 

8A.3. 

75 

e 

4  •“  10  NftEelo 

15  i 

1 

90=2 

88o  8 

80.1 

77 

r 

10  -  20  N,B,L. 

15  ' 

9Ao7 

93.3 

88.3 

65 

g 

20  -  AO  N.EoL.  . 

15 

•95.7 

9A.6 

90.5  - 

50 

h 

/fO  ••  60  Naiiolo 

m 

93.9^ 

' 

90=0^ 

84.552 

50 

SUMMARY  OF  RESULTS  AT 
FURNACE  TEMPERATURE  OF  1250°F 


a 

Ames  Beg*  Grind,  NoEoL*  | 

12 

95.052 

;  95.2^ 

90.5^ 

i 

'  56 

b 

KLecbrOinet  Blend,  N*E*L* 

1  12 

93.8 

93.9 

88.2 

53 

c 

Permanente  Blend,  N*}ii*L* 

9 

9A.0 

92.8 

87.3 

'51- 

d 

Penaanente  Grind,  Permans 

12 

92.2\ 

93.8 

86.5 

71 

e 

A  -  10  N.E.L. 

12 

89.7 

90.2 

80.8 

69 

X 

10  -  20  N.E.L. 

12 

9A.6 

94.2 

89.1 

55 

g 

20  -  AO  N.E.L. 

12 

94. 8 

94.^ 

89.852 

47 

h 

AO  -  60  N.E.L. 

1 

89.1^ 

40 

*Product  of  Biscuit  and  Casting  Yields 

LIME  LlfflSR 

Bottom,  6"  from  bottom  -  3S6  Mg  in  sie.  Genevieve  Lime 
Sii3  ,  3”  from  top  -  152  Mg  in  Steo  Genevieve  Lime 
Top  ,  Kelly  I^and  Dolomite,  No  Mgo 
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5^  Processinic  and  Specifications  of  Liner  Refractories 

5el  Purpose  of  Liner*  The  steel  bomb  or  reaction  chamber  ^as  lined 
^iXh  an  ii^rt  laaterial  (1)  to  protect  the  metal  contamination  by  the 

ii^on  of  the  bomb  and  (2)  to  protect  the  bomb  from  attack  by  magnesixini  and 
uranium  at  the  temperatures  produced  by  the  reaction.  Hence,  it  was 

necessary  that  the  liner  material  have  the  foilo^ving  characteristj.css 

(1)  refractory,  stable  at  temperatures  up  to  1800^0  in  some  cases, 

(2)  chemically  inert,  non- reactive  with  either  reactants  or  products, 

(3)  pure,  at  least  with  respect  to  reactive  substances  or  forbidden  ele¬ 
ments  as  boron  or  cadmiumo 

502  possible  Refractories o  The  first  requirement,  stability  and 

infusibility  at  the  xsaximimi  temperatures,  eliminated  ioDst  halides  and 
o5Qr-salts  and  suggested  particularly  certain  metallic  oxides,  carbides, 
and  silicatssg  15is  secoi^  requirement,  ehsmical  inertness,  eliiainated 
the  silicates  'j?hich  are  vigorously  reactive  with  Ug  and  the  carbides, 
also  reactive  with  other  metals o  This  left  only  the  refractor^''  metallic 
oxides  for  consideration,  particularly  CaO,  L!g0,  Al^Oy  BeO,  ZrO^,  ThO^ 
and  a  few  others*  ^2^3  ^ound  to  be  reactive  with  the 

products  and  BeO  and  ThO^  were  too  limited  in  availability  to  consider; 
hence  the  field  was  narrowed  down  to  CaO  and  MgO  or  to  mixtures  of  the 
two  such  as  dolojaitic  liine«  The  product  chosen  must  be  available  in 
quantity  and  of  the  necessary  purity o  Commercial  lime  of  adequate  purity 
isas  found  and  v^as  adopted  for  production  by  both  the  Ca  and  Mg  processes. 

503  Effect  of  yJater  in  Liner  Refracton  on  Yield  of  Ug  From  the 
bcglTining  of  operations  with  Ca  and  continuing  into  production  with 

^  wide  fluctuations  in  ^le  shape  and  size  of  the  metallic  ingot,  its 
freedom  from  slag  incrustations  and  inclusions  and  in  the  yield  occurred 
tvich  the  use  of  different  shipments  of  liner  refractory,  presumed  to  be 
tha  same  producto  Tne  evolution  of  hydrogen  gas  shown  by  hydrogen  flames 
st  the  cover  of  the  bomb  before  and  during  reaction  suggested  the  presence 
of  water  in  the  high'=caicium  lime  originally  usedc  Analyses  showed  as 
much  as  2o5  per  cent  ignition  loss, 'later  sliown  to  be  largely  vsatero  -Dis¬ 
cussions  with  the  manufacturers  of  the  lime  (Ste*  Genevieve  Lime  Co., 

Sto  Louis,  Mo a)  resulted  in  a  prolonged  burn  in  the  vertical  kijjis, 
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followed  by  hand  picking  and  coring  which  produced  a  more  consistent 
producto  However,  even  high-burned  lime  has  considerable  tendency  to 
take  on  water  and  the  difficulUes  were  not  removed  on  the  above  treatment » 
The  production  of  brown  oxide  on  the  surface  of  the  ingot  and  slag 
vihen  hydrogen  flames  indicated  water  in  the  lime  suggested  that  the 
heating  of  the  tetrafluoride  in  the  presence  of  water  resulted  in 
hydrolysis  of  the  fluoride  to  the  brown  oxide  which  is  not  reducible  in 
the  bomb^^^*^^  If  so,  the  hydrogen  fluoride  produced  would  diffuse 
through  the  charge  to  the  lime  liner,  react  with  CaO  to  form  vaster  which 
in  turn  wuld  hydrolyze  more 

2  H2O  +  UF^  — • — UO2  4  HF 
4  HP  +■  2  CaO  — - — - - "2  CaF2'*'2  H2O 

Only  by  this  cyclic  meahanism  could  the  small  amount  of  water  present 
(never  more  than  0,34  lbs »,  2  per  cent  of  the  weight  of  the  lime  in  the 
liner)  convert  the  entire  charge  of  56  lbs,  of  UF^  to  UO2,  which  would 
require  6a4  l^So  of  watero 

The  occurrence  of  this  cycle  of  reactions  vsas,  demonstrated  by 
heating  a  series  of  charges  of  UF  in  small  bombs  with  lime  liners  but 
without  Hg  mixed  with  the  Conversion  to  brown  oxide  (UO2) 

started  at  the  lime-fluoride  interface  and  progressed  inward  with  a 
vary  sharp  "front"  finally  going  to  completion  if  heated  long  enough. 
Analysis  of  «ie  liner  revealed  the  presence  of  fluoride  in  the  lime, 
showing  that  the  second  reaction  had  occurred,  regenerating^water. 

5o3cl  Use  of  Mg  in  Liner  to  overcome  Effect  of  Water* 

Assaming  this  cycle  of  reactions,  Mr,  David  Peterson  mixed  some  finely 
ground  magnesium  in  the  lime  to  convert  the  water  to  hydrogen  and  thus 
stop  the  cyclic  reaction.  One  per  cent  by  weight  of  Mg  in  the  lining 
material  produced  a  yield  of  91,9  per  cent  and  6  per  cent  of  Mg  in  the 
liner  produced  a  yield  of  94<.7  Per  cent  under  conditions  and  with 
products  whose  average  yield  without  'Jg  in  the  liner  was  only  84.6  per  cent 
The  time  of  pr^eating  before  ignition  tiecreased  from  an  average  of 
lU  minutes  to  about  60  mino  A  series  of  exi^erLaental  runs  were  made  with 


magnesiuEi  contents  of  0,  3  and  5  per  cent  Mg  in  the  liner  to  determine 
the  optLTPjja  contento  Results  are  shown  in  Table  7, 


TABLE  7 

EFFECT  OF  Mg  (50-lCX)  MESH)  IM 
CaO  BCm  LINERS 


Run 

Kuaibers 

No,  of 
%ots 

5SMg 

in  Liner  j 

Firing 

Tims 

%  Yield 

6096 

1 

1^ 

91«9? 

6193 

1 

6 

— 

94o7 

6092-6137 

44 

0 

114  <nlna 

84.6 

6215-6256 

42 

5 

55 

90.8 

6257-6289 

33 

3 

57 

90.0 

6290-6345 

56 

0« 

78 

85.3 

6346-6357 

12 

H 

58 

92o9 

6358-6363’ 

6 

2  f 

63 

92.9 

6372-6404 

33 

1] 

80 

90o2 

6405-6436 

32 

74 

88.8 

6437-6443 

7 

3) 

66 

94.3 

6447-6493 

45 

75  Mn, 

87.6% 

*Bracketed  groups  are  cojoparable  in  all  regards  except  Mg  content 
in  wall.  Liners  containing  05S  Hg  were  used  for  comparisono 

It  will  be  observed  that  3  to  5  per  cent  Mg  increased  the  yield  by  as 

much  as  5  per  cent  and  decreased  the  firing  tlrae  by  10  to  30  minuteso 

it'.o  use  of  Hg  in  the  liner  was  then  tried  out  in  production  over  a  trial 

period  of  several  weeks.  The  following  table  of  weekly  averages  of 

production  yield  demonstrates  the  effectiveness  of  the  procedure. 


a 


TABLE  8 


Period 

May  6  -  May  12,  1943 
13  -  liay  19 
May  20  -  May  26 
Kay  27  '•  June  2 
•June  3  -  June  9 
June  10  *»  June- 16 
June  17  “  June  23 
June  24  -  June  30 
July  1  -  July  3 
July  9  “  July  15 


I  Average  Yield 


85»85e 

81o6 

85.1 
85o7 

88,3 

88o8 

89.2 
89o7 
86.5^ 


Lining 

Ko  Mg  in  Lining 


ti  II  II 


II  If  ;i  n 


fi  It  ft 


Transition,  Testing  period 
3^  Mg  in  Lining 

2  «  If  » 

4  "  "  " 

4S6  ”  "  " 

No  Mg  .in  Lining 


It  will  be  noticed  that  prior  to  the  use  of  Mg  the  yields  were 
35,0  to  85.8  per  cent,  85.7  per  cent  the  week  before  adoption.  After  a 
week  of  testing  and  comparison,  the  use  was  adopted  for  regular  production, 
with  esi  increase  of  2.4  per  cent  the  first  week  to  3.1  per  cent  the  next 
wocko  The  rise  continued  to  89.7  per  cent  when  the  use  of  Mg  was  dis¬ 
continued  as  a  check.  On  discontinuing  the  use  of  the  Mg  the  yield 


dropped  to  86  per  cent,  a  drop  of  3.2  per  cent.  Over  this  entire  period 
the  use  of  Mg  in  the  lining  was  accompanied  by  a  general  increase  of 
3  per  cent  in  yield  and  by  the  production  of  cleaner  biscuits.  Several 
s’jbsequent  studies  of  this  effect  verified  these  findings,  estabiish5.ng 
3  per  cent  Mg  as  the  quantity  needed  with  most  lime,  with  an  average 
increase  in  ffiet.al  yield  of  3  per  cent  using  standard  products.  The 
preheating  period  or  firing  time  was  found  to  be  much  more  consistent 
when  Mg  was  used,  varying  from  55  to  ISO  minutes  withou^g  in  the 
liner,  but  varying  only  from  55  to  65  minutes  with  Mg. 
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5*4  Investiii’atrion  of  Varjoits  aef factories  as  Liae?*  Uaf.f»T»i ni , 

Although  ths  actdl.ti.on  of  Mg  to  the  Llnci*  Iciproved  the  yield  the 
behavior  of  the  reduction  reaction  greatly,  occasional  deviations  still 
occurred.  Further  analytical  studies  revealed  that  the  CO2  content  of 
the  liae  was  also  extreaely  variable  being  a  function  of  th*  lump  size 

geologicjal  nature  of  the  limestone  as  well  as  of  the  burning  procedure. 

In  the  effort  to  avoid  the  ill  results  occurring  from  both  water 

and  cartM>n  dioxide  in  high-calcium  lime  a  number  of  other  refractories 

were  tried.  On  the  assumption  that  high-burned  dolondtic  lime  was  more 

•^cad-burned'*  with  less  tendency  to  pick  up  water  than  hi^-calci«a  lime, 

its  use  was  investigated.  Fused  lime  should  have  been  free  of  COg  and 

HgO,  but  was  not  commercially  available.  The  Electro  Metallurgical 

Company  fused  soae  dolondtic  lime  in  the  electric  arc  furnace^ and 

some  of  this  product  was  sup^died  to  Iowa  State  College.  At  the  recjuest 

of  the  writers  Electro  Met  later  fused  some  high-calcium  lime.  Fused 
(32) 

magnesia  has  no  tendency  to  hydrate,  hence  should  eliminate  the  water 
problem,  at  least,  provided  it  should,  prove  otherwise  usable.  At  various 
times  these  different  refractories  had  been  tested  as  bomb  liners,  but 
finally  a  very  comprehensive  program  was  conducted  in  Febreary  1944.^^^^ 

5.4ol  Refractories  Investigated;  Particle  Size.  Packing  Density 
and  Purity,  following  materials  were  used  in  this  investigation: 

(1)  Ste.  Goj  High-calcdum  lime,  Ste.  Genevieve  T.-img  Co. 

(2)  Kal.D:  f  Oolondtic  lime,  Kelley  Island  Idme  &  Transport  Co. 

(3)  E.F.D.;  Electrically  fused  dolondtic  lime.  Electro  Metallur¬ 
gical  Co. 

(4)  M^  ;  ELectidcally  fused  magnesium  oxide.  General  Electric 
Co* 

These  products  were  reduced  in  various  ways  to  the  size  distribution 
shown  in  Table  9.^^^ 
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TABLE  9 

PARTICLE  SIZE  OK  LINER  REKilACTORIES  AS  USED 


Since  the  heat  conductivity  and  therefore  the  insulating  properties 
of  these  refractories  vary  with  their  packing  densities,  the  latter  were 
dstenained  by  packing  equal  volumes  of  each  refractory  in  a  small  bomb 
on  the  jolting  table,  A  steel  piston  weighing  1  lb,,  2  oz.  was  placed 
on  top  of  the  charge  during  packing.  Bach  charge  received  500  blows 
0.1  the  packer. 


TABLE  10 

PACKING  UEN5ITIE5  OF  LINER  REFRACTORIES 


The  significant  impurities  present  in  the  various  typos  of 
refractories  were  oetenained  and  iound  to  be  as  follows! 


TABLE  11 


IMPURITIES  IN  VARIOUS  LINER  REFRACTORIES^ ^4) 


Refrac¬ 

tory 

1  COo 

L  -  -  . 

H2O 

B 

CkJ 

Fe 

tlki 

3i 

.09^ 

0.01^ 

3-4  ppm 

<5  ppm 

'  '  1 

235  ppm 

<10  ppm 

EoFoDc 

006-0010 

0.14 

>7 

<5 

400-700 

60-100 

Kola 

0.0>0„25 

Oo35-Oo39 

4=15 

<5 

65-500 

70-90 

Stso  G.  ! 

0c05-0o30^ 

0c.13-0c60^ 

1 

ppm 

<2  ppa 

iOO-600  ppm 

30-60ppcsi 

% 

SoA'S  Procedure  Used  in  Investigation. T*he  liner  refractories 


Xi^re  first  tested  in  a  series  of  runs  (Series  I)  in  which  the  entire 
liner  nas  inade  of  the  saias  refractorjo  Tills  series  revealed  the 
niochanical  and  technical  advantages  and  difficulties  encountered  in 
handling  each  products  A  second  series  consisted  of  combinations  of  the 
Various  refractories  used  in  different  portions  of  the  bombo  Since  it 
had  been  observed  that  various  refractories  behaved  differently  in  a 
given  section  of  the  liner,  the  liner  was  divided  into  sections  as  shown 
hi  Figure  1  designated  in  the  figure  and  text  as  follows: 

Be  "Bottom^  including  bottom  layer  and  lower  3^*  of  side  wall, 
in  which  section  biscuit  and  slag  coUectedo  This  section  was  subjected 
to  prolonged  heating  after  reaction  occurred o 

So  "Side  wall”,  including  w’all  from  8”  above  bottom  to  10”  below 
top,  extending  about  18‘*  in  heights 

TSo  "Top,  side”,  including  upper  10"  of  side  wall. 

Tc.  "Top,  center”,  including  refractory  packed  on  top  of  charge 
Ts  and  Tc  are  simply  designated  as  "Top”,  if  no  difference  is  jaade. 
It  had  also  been  observed  that  varying  percentages  of  magnesium 
fines  were  advantageous  in  different  positions  in  the  bombo  Thus 
3  cent  of  magnesiius  fines  usually  gave  optimum  resiilts  in  the  bottom 
of  the  bomb,  while  only  i  per  cent  was  needed  in  the  side  walls  Hence, 
the  quantity  of  magnesium  fines  was  also  varied  from  0  to  3  cent  in 
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various  portlwis  of  the  liners  and  in  the  different  refractpjaes  in  the 
composite  liners. 

Pnaa  each  series  the  best  liner  con^onents  were  selected  and 
regrouped  into  new  cosbinations  until  all  pranising  combinations  of 
refractories  and  of  magnesium  content  had  been  tried  out. 

The  liners  of  a  given  series  were  alternated  in  the  loat^f®  and 
firing  operatiwis  in  order  to  eliminate  the  human  and  plant  variables. 

One  or  more  types  of  the  preceding  series  were  run  in  each  new  series 
^s  a  check  on  the  constancy  of  other  factors.  Standard  and  Kg  were 
used  and  other  factors  were  kept  constant.  The  furaace  tenqjerature  was 
1200®F. 

Results. ^36)  Uje  complete  results  of  all  the  liner  combina- 
tions  investigated  in  this  study  are  reported  fully  elsewhere.  Only 

those  of  significant  interest,  either  in  yield  or  cost,  will  be  included 
here,  summarized  in  Table  12.  In  Series  I  (Table  12)  are  the  yields  of 
uranium  and  cost  of  liner  per  pound  of  metal  using  liners  of  the  same 
material  throughout.  In  Series  V,  VI  and  VII  various  combination  liners 
Vi€re  usedo 

Over-all  yield  reveal  the  fact  that  electrically  fused  dolomitic  lime 
viith  3  per  cent  Mg  produced  the  hipest  yield  in  the  first  series  of  runs 
although  in  subsequent  series  in  the  program  high-calcium  lime  produced 
equally  weU.  The  MgO  without  Mg  fines  produced  well,  but  due  to  its 
lack  of  cohesion  even  on  long  packing  it  offered  such  difficulty  that  its 
use  in  production  was  not  practical.  Its  extremely  high  relative  price 
precluded  its  use  in  any  case  unless  it  should  have  been  found  to  have 
advantages  over  the  other  types,  which  it  did  not  have. 

The  kiln-burned  dolomitic  lime  (K.I.D.)  gave  poorest  results 
(83,356  over-all  as  compared  with  87  to  91%  by  the  other  products)  although 
slightly  improved  by  the  use  of  ^  Mg  fines  (83.3  to  85.6?).  A  nimiber 
of  efforts  to  use  kiln-bumed  dolomitic  lime  at  Iowa  State  College  and 
elsewhere  consistently  gave  the  sans  results  —  slag  encrusted  ingots  of 
metal,  enlarged  beyond  the  original  diameter  of  the  reaction  space  in  the 
packed  liner  and  with  protruding  fins  sometimes  reaching  to  the  bomb  wall. 
This  indicated  considerable  shrinkage  or  perhaps  melting  of  the  dolomitic 
oxide  at  the  tei!?)erature  of  the  metal,  the  wetting  of  the  metal  and  the 
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cracking  raUially  of  the  contracting  linero  The  contraction  resulted 

froja  the  greater  density  of  tl»  jaore  highly  sintered  wall^  which  left 

a  larger  cavity  at  the  bottom  of  the  bomb  and  which  cracked  in  circiia- 

Terence  on  shrinkingo  Iron  contamination  inci^ased  and  low  yields  were 

obtained  in  both  reduction  arwl  casting  stages^  Pitting  of  the  bombs  and 

**buni-K>uts”  were  much  more  frequento 

The  electrically  fused  doloiaitic  oxide  showed  least  reaction  with 

the  product  producing  very  smooth-surfaced,  clean  ingots  of  metal  with 

little  adhering  slag  which  resulted  in  high  casting  yields »  Since  volume 

changes  had  already  occurred  in  the  fusion,  fused  refractories  including 

MgO  and  CaO  showed  least  voliaae  change  and  adhesion  to  metal  o 

Properly  burned  high-calciiaa  lime  such  as  StCo  Genevieve,  sliowed 

some  shrinkage  as  compared  with  B*FoD.  but  very  little  as  coji^red  with 

doloaiitic  limso  Biscuits  were  clean  and  free  of  finso 

(3S) 

5*4*4  Condtisions, ^  The  yields  obtained  with  the  various  types 
of  liners  are  so  nearly  the  same  that  on  a  basis  of  cost  of  liner  per 
pound  of  metal  produced  the  costs  are  practically  proportional  to  the 
costs  of  the  refractories  used<, 


Hef  ractory 

Series 

_  _  Xsfpe 

Cost  of  Liner 
Per  Lb  of  Metal 

Cost  Refractory 
Cts/lb 

MgP 

I 

1 

39»8  cts. 

52.0  cts. 

D» 

1 

4 

8.65 

13.5 

Ste«  Gc 

V 

8,9 

1,71 

3,3 

Ste.  G.,  K.l.D. 

top 

V 

10 

1,37 

XaD« 

I 

8 

e89  cts» 

1,65  cts. 

On  thia  basis  alcute  dolomitic  lime  throughout  would  appear  to  fom  the 
flost  econtuaicBl  lii^re 

However,  the  cost  of  the  bomb  liner  is  one  of  the  smallest  costs 
involved  in  the  various  stages  of  processing  of  the  uranium  from  ore  to 
metal.  The  production  of  low  yields  and  the  contamination  of  much  of 
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the  metal  by  iron  due  to  pitting  of  tne  bonms  causes  the  amaii  saving 
in  cost  per  pound  of  metal  to  be  much  more  than  offset  by  the  cost  of 
recycling  unrecovered  element  and  by  the  loss  of  useful  metal  by 
contamination  <> 

The  next  cheapest  linerj  StCo  Go  bottom  and  side  and  KoIeDo  top, 
(Series  V  10)  had  produced  excellent  results  at  Iowa  State  College 

for  some  time  in  regular  production  both  with  respect  to  oveivall  yield 
and  puidty.  Ifence  if  it  could  be  consistently  obtained,  this  liner  was 
the  most  economical  producer  of  uranium  of  highest  quialityo 

However,  the  experience  at  Ames  had  demonstrated  that  commerci^ 
lima  producers  were  not  in  position  to  supply  a  consistently  burned 
product  over  a  period  of  time,  A  coB^arison  of  weekly  averages  over  a 
period  of  time  during  which  all  other  products  and  conditions  were 
constant  and  the  same  brand  of  high-*calcium  lims  was  used  as  liner, 
but  different  shipments  of  lime  were  used  corresponding  approximately 
with  the  weekly  periods  demonstrated, this  variation. 


Biscuit 

Yield 

Casting 

Yield 

Over-all 

Yield 

Feb.  17-Peb,  24,  1944 

96.36 

1 

95.156 

91. 6S 

Feb.  24‘^iar,  2,  1944 

95o9 

95.9 

92.0 

Mar,  2-liar,  9,  1944 

93.6 

94.2 

88,2 

MaTo  9*44aro  1944 

91.3 

94.6 

86.4 

Mar®  l6*Maro  23i  1944 

93.8S6 

94.456 

86.6^ 

It  will  be  noted  that  the  above  decrease  in  yield  came  with  the  advent 
of  increased  humidity  in  the  spring.  This  stressed  not  only  the 
fluctuation,in  the  water  content  of  the  purchased  product,  but  the  vei^v' 
great  tendency  of  burned  lime  to  absorb  atnmspheric  moisture.  Even  the 
utaost  precautions  in  packing  and  handling  were  not  sufficient  to  pro¬ 
tect  the  during  the  humid  months  of  spring  and  summer  as  long  as 

gv»^nding,  ynTyT  fig  and  packing  had  to  be  done  in  unconditioned  air. 
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Bierefore,  in  spite  of  the  lov^er  cost  of  the  high  calcium  lime  and 
Its  equal  perfomance  when  correctly  burned  and  handled^  it  was  decided 
to  adopt  electrically  fused  doloodte  as  the  refractory  bomb  linings  in 
regular  productiono  A  general  increase  in  weekly  yields  and  decrease 
in  horoa  and  iron  contamination  followed  this  change  due  to  greater 
stability  of  the  liner  and  less  contandnation  by  the  impurities  of  the 
liner  and  by  the  iron  of  the  bombo 

5o5  Specificationso  The  final  specifications  of  the  liner 
refractory  for  use  at  Ames  weres  electrically  fused  dolomite,  groxind 
to  pass  50  per  cent  or  more  through  200  asesk  screen  and  not  Xiiore  than 
20  per  cent  through  325  iaesh  screen;  not  to  contain  more  than  I5  ppm  of 
5  K3B  of  Cd^  1000  ppa  of  Fe^  100  ppm  of  Mn,  OdjS  CO^  or  0^30^ 

Most  of  the  EcFcDo  supplied  cajs»  well  within  these  specifications  o 

60  Conditions  of  Operation 

The  estaUjLshffient  of  optimum  operating  conditions  occurred  gradiially 
with  the  acquisition  of  equipment  and  mateidalsc  In  fact  such  conditions 
as  preheating  te2!^}eratu2*88  and  excess  of  magnesium  varied  so  greatly  with 
raw  materials  that  operating  conditions  could  be  fixed  only  in  terms  of 
specific  materials^  However,  many  conditions  ultimately  were  fixed  and 
those  conditions  and  their  e^)erim8ntal  verification  will  now  be  describedo 

601  Mixing  of  Chargeo  From  the  early  mixing  of  charges  of  a  few 
handred  grams  of  reactants  with  a  spatula  to  the  mechanical  mixing  of 
charges  of  sevex^al  hundred  pourKls  it  was  observed  that  thorough  mixing 
of  the  charge  was  essential  to  con^jlete  reaction  and  separation  of  prod- 
uctsa  *nie  MacLellan  type  of  batch  mixer  was  found  to  be  well  suited  to 
these  materials  and  a  iaotoi>-didven  one^cubic-foot  capacity  mixer  was 
installed^  It  was  estabGLished  that  a  least  four  minutes  of  rulxing  at 

6  toms  per  minute  in  thxs  mixer  was  necessary o  An  Incomplete  mixture 
resulted  in  low  yield  and  sla^>»encrusted  biscuits d 

602  Thickness  of  Liners  The  thickness  of  the  liner  determined 
(1)  the  rate  of  heat  input,  (2)  the  rate  of  heat  loss  on  cooling, 

(^>  ignition  time,  and  (4)  total  heat  input  on  preheating«  As  a  3?esult 
of  control  of  total  heat  input  and  of  rate  of  cooling  too  thin  a  liner 


could  cause  inadequate  heating  and  too  rapid  cooling  both  resulting  in 
slhcon^jlete  reductiwi  and  separation  of  metal  and  low  yields®  Also  too 
thin  a  liner  would  not  offer  the  protection  to  the  bomb  for  which  the 
liner  was  j^sed®  Since  some  washing  away  and  penetration  of  the'  liner  by 
3,g  occurred  safety  dictated  a.  minimum  thickness  of  3/B"  in  the  6"  bomb 
and  about  l/2”  in  larger  sizes®  In  smaller  bombs  l/U"  liners  have  been 

On  the  other  hand  too  ttiick  a  liner  resulted  in  too  slow  heating  and 
the  occurrence  of  side  reactions  during  the  prolonged  heatxng  period® 

Also  too  thick  a  liner  had  a  tendency  not  to  pack  as  well  and  to  crack  or 
wash  away®  For  these  reascHis  liner  thicknesses  between  3/8"  and  1”  were 
investigated, A  tapering  mandrel  was  built  which  produced  a  wall  3/8" 
at  the  top  and  1/2"  at  the  bottom.  Another  mandrel  produced  a  wall  5/8" 
thick  at  the  top,  3/4"  thick  at  the  bottom®  The  thicker  wall  increased 
firing  time  so  greatly  that  it  was  necessary  to  raise  the  temperature  of 
t-he  furnac|&  to  I300PF  to  produce  reaction  in  reasonable  time.  Results  of 
the  two  walls  at  1300°F  ai»  tabulated  below. 


*These  values  were  obtained  in  early  production  when  yields  were 
lowc  Subsequent  trials  established  a  7/16"  to  l/2"  wall,  as  standard.® 

3  Excess  of  ??a.»?ne3iuni.  In  the  first  experimental  reductions  of 
Uf,  by  Ca  "SO  to  100  per  cent  excess  of  Ca  was  used.  As  purer,  less 
G.Kidized  Ca  and  purer  tetrafluoride  became  available  and  more  knowledge 
of  proper  particle  size  was  gained,  it  became  possible  to  decrease  this 
e.xcess.  Since  the  excess  represented  increased  cost  of  production  and 
since  the  residue  in  the  crude  metal  offered  considerable  interference 
and  danger  in  casting,  it  was  vesy  desirable"  to  decrease  the  excess  of 
reducing  insetal  as  much  as  possible  o 

To  determine  exactly  the  optimum  excess  in  the  6"  bomb  a  series  of 
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redocti^is  «ere  aade  varying  the  excess  from  0  to  15  per  cento 
Since  the  use  of  over  15  per*  cent  of  magnesium  was  very  bothersome  and 
even  dangerous  in  the  casting  process  due  to  the  igr^tion  on  exposure  to 
air  of  the  finely  divided  distilled  magnesium  condensed  on  the  head  of  the 
Yacmm  system,  excesses  over  that  amount  were  not  considered  further. 

Hesults  are  tabulated  on  Table  13  and  shown  graphically  in  Figures  5 
and  6a 


TABLE  13 

EFFECT  OF  EXCESS  OF  Ug  ON  YIELD  OF  U 


Per  cent 
Excess 

Ave. 

Biscuit  Yield 

Ave. 

Casting  Yield 

Ave« 

Over-ali  Yield 

Ave. 

Firing  Time 

Of 

85»U6 

76. 6^ 

65.2? 

57.3  min. 

92o7 

90.2 

83,6 

52.3 

5 

96.2 

94.9 

91.3 

51.4 

7k 

96.8 

95.7 

92.6 

49.9 

10 

96.8 

95.2 

92.2 

49.7 

15^ 

96.3?  ' 

96,5? 

92.9? 

49.6  min. 

6cr3*l  ges>jltse  It  will  be  observed  from  Table  13  and  Figure  5  that 
in  the  reduction  stage  the  optimum  yields  were  obtained  with  excesses  of 
7«5  per  cent  and  10  per  cent  magnesium  or  with  a  maximum  of  8o75  per  cent 
excess  magnesiumo  From  Table  13  and  Figure  6  it  is  apparent  that  in 
over-all  yield  a  plateau  was  reached  at  7k  cent  excess  of  magnesiumo 
The  15  per  cent  excess  of  magnesiiim  gave  a  very  slight  increase  in  the 
ovea^-ail  yield.  From  Figure  7  it  is  also  apparent  that  in  the  reduction 
reaction  there  was  a  relationship  between  the  excess  of  magnesium  and 
the  firug  time  or  preheating  time.  As  the  excess  of  magnesium  was 
increased  the  firing  time  was  decreased  c  There  was  very  little  change 
in  the  firing  tlioe  after  an  excess  of  7k  per  cent  was  reached  o 

6. 3c  2  Qpnclusions.  Rrom  the  curve  shown  in  Figure  5  it  appears 
that  the  maxinnim  yield  was  obtained  in  the  reduction  stage  under  the 
operating  conditions  described  at  about  8^  per  cent  magnesium.  However, 
from  the  overfall  yields  (Figure  6)  it  appears  that  very  little  difference 
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occurred  troai  7k  to  15  per  cent  deviations  in  both  biscuit  casting 
yields  being  Sufficiently  large  to  indicate  that  the  average  overfall 
differences  from  7|  to  15  per  cent  isere  aot  realo  Sincm  unnecessary 
excess  caused  trouble  in  casting  arid  represented  additional  cost^ 

74  cent  excess j  the  minimum  coccess  producing  yield,  i^as  adopted  as 
standard  for  the  55  Iho  charge  of  UF^  used  in  the  6”  bombi.  It  must  be 
borae  in  mind  that  the  excess  varies  with  the  scale  of  operation,  being 
related  to  the  heat  input  aiKl  heat  loss*  Kius,  with  the  133  lb*  charge 
used  at  l^Uinckrodt  Chemical  Works  only  5  P®r  cent  excess  magnesium  is 
necessary  while  on  a  scale  of  a  few  pounds  from  20  to  30  per  cent  excess 
of  magnesium  has  been  found  necessary  for  ci??.3d.aBaffl  yield.  The  74  per  cent 
excess  was  adopted  as  stazKiard  procedure  for  the  6"  bomb  at  Iowa  State 
College* 

6*4  Effect  of  _Freheating  Furnace  Temperature So  In  the  early  pro'^ 
duction  period  it  was  observed  that  different  furnace  temperatures  were 
required  to  achieve  maximum  yields  with  various  lots  of  a  given  raw 
material  such  as  magnesium^  Consequently  when  the  performance  of  .the 
various  types  of  magnesium  was  studied  the  effect  of  furnace  temperature 
was  investigated  by  making  a  series  of  reductions  at  intervals  of 
50  degrees  from  1050®F  to  1300®Fa  (See  section  4«2o2), 

The  results  of  this  study  are  presented  in  Tables  14  and  15  and 
Figures  8  and  9o 

It  will  be  observed  (Table  14)  that  with  one  exception  the  optimum 
fbroace  temperature  was  found  to  be  approximately  1150®F^  At  this  teia- 
perature,  however,  the  firing  time  of  one  type  of  Mg  (Pesrmanente)  was 
about  60  minutes  while  that  of  the  other  types  was  about  50  minutes  o 
The  Pennanente  always  exhibited  this  slower  rate  of  ignition^,  The 
optiiaum  temperature  for  the  Permanente  was  found  at  other  times  to  be  as 
high -as  1300®Fc. 

Bie  relation  of  yield  to  firing  time  is  shown  graphically  in 
Figures  8  and  9o  Figure  8  presents  the  average  firing'  tiiaes  of  each  type 
of  Mg  at  the  designated  furnace  temperatureo  Since  such  irrelevant  factors 
as  accidental  variations  of  wall  thickness,  dryness  of  the  liner,  etco, 
might  cause  abnormal  deviations  from  the  average  firing  time,  it  was 
decided  to  plot  only  those  cases  showing  deviation  within  specified  limits 
on  the  assumptdon  that  they  represented  the  true  Vcilue  for  the  Mg  in 
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TABLE  14 

OVER^AU*  YIELDS  OF  U  PRC»UCED  BY  VARIOUS  TYPES 
OF  Mg  AT  GIVEN  FURNACE  TEKIFERATURES 


Temperature  of  Preheating  Flirnacs 


■pe 

1050°F 

1100°F 

Hal 

1200°F 

1250®F  1 

1300®F 

I 

86.9^ 

88,9^ 

89.9^ 

86.3?  1 

86 0  9? 

II 

83o8 

90.3 

92.0 

85.8 

83.4 

83.7 

j 

87o4 

- - 

•'It  j 

1 

r  T  1 

XJ-X  j 

j  81c5 

85«0 

86.0 

1 

34o2 

84.2  ] 

82.1 

r/  ! 

S4c? 

85.6  ! 

36„S  1 

85.8 

85.8 

82.7 

¥I 

84c7 

34  o  0 

83.8 

84.7 

— 

79.1 

7f 

81.0^ 

31. 3? 

7B.3 

]  76.9^ 

75.0? 

75.6 

'/III 

— 

61.258 

1 

- - 

74.5? 

> 

TABLE  15 

PREHEATING  TIME  (PISING  TIMS)  AT  GIVEN 
FURNACE  TEMPERATURES 


■p3 

1C5COF 

1100°F 

1150'^  F 

1200®F 

1250°F 

1300°F 

I 

90  can  • 

70  min. 

56  min. 

53  rain. 

— 

44 

II 

38 

1  69 

59 

54 

[ 

! 

?II 

— 

56 

III  1 

75 

59 

53 

43 

■  ~ 

38 

IV 

68 

56  ' 

47 

42 

— 

35 

¥I 

76 

56 

47 

41 

38 

V 

a 

47 

42 

36 

~ 

31 

Vlil 

—  laiHc 

I 

1  12Xne 

42  i2in« 

—  mlHo 

— 

34  min 

*  See  Page  for  key  to  types. 
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qoBstiozu  Hence^  onl^  ttose  values  falling  within  a  5  minute  range  indue 
ing  the  greatest  tmnber  of  cases  were  averaged  and  plotted  in  Figure  9« 

^e  greater  validity  of  this  treatment  is  shown  by  the  disappearance  of  the 
double  maxima  in  some  of  the  curveso  1!he  results  obtained  iz^lcate  optimum 

for  the  Ma^esium  Reduction  Co  o  Mg  of  40  minutes  as  against  50  adnutes 
by  the  first  set  of  averageso 

Having  established  the  existence  of  an  optimum  furnace  temperature^  or 
rather  perhaps  an  optimum  preheating  time  or  preheating  rate^  it  was 
observed  that  control  of  preheating  time  could  very  effectively  be  used  as 
a  means  of  controlling  production  yields  provided  that  it  was  kept  in  mind 
that  preheating  or  firing  time  varied  with  the  different  materials  such  as 
the  types  of  magnesium  in  use  and  particularly  with  liner  materials o  Fbr 
any  change  of  raw  materials  therefore  it  was  necessary  to  establish  exper¬ 
imentally  the  optimum,  furnace  tetaperature  and  preheating  time  (Figure  10)o 
When  t^s  had  been  done  any  deviation  of  more  than  five  minutes  from  the 
average  heating  thm  indicated  that  some  raw  material  was  defective^  that 
standard  operational  procedures  were  being  deviated  fromj  or  that  the  fur¬ 
nace  was  not  operating  properly  due  to  defective  burners,  air-gas  mixture 
or  other  difficxiltieso 

The  factor  most  frequently  requiring  a  variation  of  the  firing  time 
was  the  condition  of  the  liner  material,  particularly  with  respect  to  water 
content.  The  firing  time  actually  used  in  any  case  was  a  coflQ}romise  between 
a  sufficiently  long  time  for  adding  the  necessary  heat  and  the  least 
possible  time  during  which  detrimental  side  reactions,  such  as  H2O  +  UP^, 
mi^t  occur.  If  none  of  the  latter  z^ctions  had  occurred,  ioCo,  if  all 
raw  materials  had  been  perfectly  pure  and  dry,  a  longer  time  than  the 
miniimim  presumably  would  have  been  harsO^esSo  Since  Uiis  condition  was  not 
aciiieved  the  preheating  time  could  not  be  extended  indefinitely  without 
dasage<5  As  better  liner  material  became  available  however  the  permissible 
limits  becaise  less  critical  and  the  time  became  ax>re  constant  at  a  given 
ten^eratureo 

In  spite  of  the  maiy  variables  involviwJ  it  was  possible  to  adopt  a 
furnace  tes^rature  of  1200^P  i  25^  as  standard  for  production  using 
Kew  Ehglazvi  Lime  Co,  Mg,  UF^  and  electrically  fused  dolomite  liners 
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specifications  esta^isl^ed  in  previous  sections  of  this  report » 
Methods  of  Preheating ^  Various  methods  of  prelieating  ?vere  used 
at  dxtf^WBut  plants  including  electrical  resistance  furnaces,  101'3-frequency 
induction  furnaces,  gas-heated  furnaces  for  individual  bombs  and  gas-heated 
icultiple  furnaceso  Space  does  not  permit  here  of  a  full  comparison  of 
■these  issans  of  heatingo  General  results  are  apparent  hov«ever  in  the  pro¬ 
duction  reports  from  the  furnace  usedo 

Hie  individual  resistance  furnaces  viere  used  in  the  early  stages  of 
experiji^tal  noi^  at  Iowa  State  College  simply  for  convenience  and  speed 
in  installation*  As  built  they  did  not  supply  sufficiently  uniform  heating 
nor  did  they  have  sufficient  capacity^  They  i^ere  abandoned  as  soon  as  the 
gas  equipa^nt  could  be  procured  and  installed o 

The  low-frequency  induction  furnaces  were  used  elsewhere  and  data  are 
not  available  regarding  their  performance®  However,  the  achievement  of 
uniform  heating  over  the  length  of  the  bomb  offered  considerable  difficulty 
and  pits  ai^  bum-outs  seem  to  have  resulted  at  a  high  rate® 

The  use  of  individual  gas-heated  furnaces  has  worked  satisfactorily 
at  one  plant,  although  the  maintenance  of  uniform  heating  is  iODre  difficult 
than  with  a  larger  installation® 

Hie  first  planned  production  at  Iowa  State  College  called  for  a  large 
soaking-pit  in  which  a  number  of  bombs  could  be  heated  o  Such  a  pit  was 
inost  economical  in  construction  and  gas  comsumption  and  because  of  its 
large  capacity  was  more  easily  maintained  at  constant  temperature  ¥^hen  bombs 
rore  introduced  or  removedo  Such  a  plant  w’as  installed  as  described  above 
and  was  thus  duplicated  at  another  site  after  a  trial  of  the  individual  gas 
fiirnaces  and  an  investigation  of  other  types  o 

7o  Properties  of  the  Metal  Produced 
Mar\y  of  the  properties  of  uranium  such  as  melting  point,  density,  etco 
recorded  in  the  pre-project  literature  were  erroneous  and  have  been  cor- 
irected  by  project  experiencso  These  results  are  recorded  in  Chapo  VI, 

Yolo  XII  and  in  Chap.  _  Volo  XI  A  of  MoP.Hs  Mar^  properties  of  the  metal 

are  influenced  by  the  method  of  preparation,  however,  and.  some  of  these 
properties,  particularly  those  whose  specifications  were  fixed  will  be 
discussed  hereo 
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7ol  Density^  The  density  of  the  metal  i^as  affected  by  variations 
in  production  and  castings  Since  lo?f  density  usually  meant  blow«holes  in 
the  billet,  density  was  used  as  a  check  on  solidity  and  freedom  from 
internal  imperfections.  The  Ames  metal  varied  in  density  from  about 
IBcJ  to  19ol  g/cc  arei  averaged  lBo9  g/cc  duxdng  the  greater  part  of  the 
production  period c 

7«2  i^urity.  Since  the  content  of  certain  elements  could  not  be 
permitted  to  exceed  fixed  values  which  were  less  by  several  orders  of 
magnitude  than  had  e'vsr  before  been  oustbiaary  in  large  scale  metal  pro^ 
duction,  analytical  control  of  the  composition  of  the  final  metal  was  veiy 
exactc  The  accepted  standards  and  the  average  content  of  some  of  these 
elements,  particularly  those  most  necessarily  kept  under  control  at  the 
metal  psroduction  stage,  are  described  here© 

7  ©2.1  Boron.  Ihc  most  important  of  these  elements  was  boron  ©  In 
early  production  the  boron  content  fluctuated  considerably  being  derived 
at  times  from  all  of  the  different  raw  materials  but  particularly  from  the 
line  To  It  reached  a  peak  in  the  summer  of  1943  varying  from  Ool  to  lo2  ppm 
averaging  Qo3l  ppcu  A  successful  solution  of  the  liner  problem  both  by 
iiaproveiusnts  in  materials  and  installation  reduced  this  content  to  an 
average  of  0o22  ppm  in  the  winter  of  1943  from  which  it  decreased  gradually 
to  an.  average  of  only  0ol5  PF^  i^  the  fall  of  1944*’ 

Iron^  The  mext  most  troublesome  contaminant  was  iron  derived  largely 
from  the  pitting  of  the  bombs,  again  due  to  poor  liners.  The  solution  of 
the  liner  problem  reduced  the  iron  from  a  high  of  94  ppo  average  for  the 
winter  of  1943  to  57  ppm  for  the  spring  of  1944  to  46  ppm  for  the  reiiiainder 
of  production© 

Ma^iganeseo  The  manganese  content  was  kept  under  observation  because 
of  its  presence  in  some  of  the  materials  o  However,  it  never  became 
excessive  ranging  from  0  to  Ca©  10  ppm,  averaging  5  Ppm  during  the  latter 
part  of  production© 

Gadmiumo  Cadmium  was  carefully  controlled  in  the  raw  materials  but 
was  never  excessive  in  the  metalo  In  fact  the  use  of  some  cadmium— high 
zaagnesiua  demonstrated  the  fact  that  Cd  was  distilled  out  during  the 
Vacuum  melting  and  constituted  little  danger  in  the  process©  Ail  the 
metal  produced  contained  /,0p3  pps,  the  accepted  limit© 
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To  sunBiarize>  the  major  portion  of  the  metal  produced  at  Ames 
the  sreduction  of  UF^  by  Mg  had  a  density  of  18«9  g/cc  with  the  following 
average  impurities:  B,  0e22  ppm;  Fe,  46  ppm;  Mn,  25  ppm;  C3d,  ^0.3  ppm 
(probably  •<.  0o2  ppm) . 
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